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Several  metals  are  obtained  by  the  electrolysis  of  molten  salts;  acc(M:dii^ly,  the  study  of  the  electrochemical 
properties  of  die  impurities  which  accompany  diem  is  of  considerable  interest.  When  several  components  are  |wc- 
sent  in  the  molten  salts  and  ordinary  polarography  is  employed,  it  is  not  always  possible  to  establish  the  nature 
and  the  concentration  of  diese  impurities;  when,  however,  derivative  polarography  is  used,  this  becomes  possible. 
Skobets  was  the  first  to  obtain  derivative  peaks  for  several  materials  in  aqueous  solutions  [1],  and  Chovnyk  [2]was 
the  first  to  obuin  such  peaks  in  molten  salts. 


Fig.  1.  Schematic  diagram  of  the  polaro- 
graphic  cell.  1)  Electric  oven;  2)  porcelain 
crucible;  3)  anode,  a  Pt  disc;  4)  cathode,  a 
Pt  wire;  5)  electrolyte- supporting  electrolyte; 
6)  diermocouple;  7)  slip  ring;  8)  electric  in¬ 
sulator  sleeve;  9)  fourstage  reducer;  10) 
synchronous  motor. 

*  Presented  at  the  analytical  session  of  the  VIII  Men 


The  aim  of  the  work  described  in  the  present  article 
was:  the  determination  of  the  decomposition  potential 
of  several  metal  chlorides,  the  study  of  changes  in  the 
value  of  the  diffusion  currents  with  changes  in  the  rota¬ 
tional  speed  of  the  electrodes,  and  also  the  study  of 
changes  in  the  nature  of  the  polarization  curves  with 
the  polarization  rate. 

EXPERIMENTAL 

The  test  materials  were  silver,  lead,  and  cadmium 
chl(»ides. 

A  eutectic  mixture  of  lithium  and  potassium 
chlorides  was  used  as  the  supporting  electrolyte  [3]. 

The  polarograms  were  recorded  on  a  Heyrovsky-type 
polarograph.  A  feature  of  this  polarograph  is  that  in 
addition  to  having  the  usual  setup,  it  also  has  a  dif¬ 
ferential  setup. 

The  galvanometer  sensitivity  was  1.6  *  10  * 
amp/  mm.  The  experiments  were  conducted  at  400*. 
The  temperature  was  kept  constant  to  within  ±  2*  by 
means  of  a  thermoregulator. 

A  100  ml  porcelain  crucible  was  used  as  the 
electrolytic  cell.  A  platinum  wire  with  a  cross  section 

1  Conference,  March  21,  1959,  Izd.  AN  SSSR,  Moscow, 


p.  48. 


447 


Fig.  2.  Derivative  peak  obtained  during 
deposition  of  silver  in  a  supporting  elec¬ 
trolyte  of  LfCl- KCl;  AgCl  concentra¬ 
tion  0.001  molar  fraction. 


F^.  3.  Derivative  peak  obtained  during 
deposition  of  cadmium  in  a  supporting 
electrolyte  of  LiCl  —  KCl;  CdCI|  con¬ 
centration  0.0007  molar  fraction. 


Fig.  4.  Derivative  peaks  obtained  during 
codeposition  of  lead  and  cadmium  in  a 
supporting  electrolyte  of  LiCl-*KCl;  PbClg 
concentration  0.0005  molar  fraction; 

CdCl(  concentration  0.0005  molar  fraction. 

of  1  mm  and  8  mm  long  vvas  used  as  the  cathode;  the 
anode  was  a  platinum  disc  with  a  surface  area  of  4cm*. 
The  electrode  was  rotated  at  speeds  of  100,  500,  750, 
and  1500  rpm  by  the  means  ofa  synchronous  motor 
operating  through  a  four-stage  reducer. 

The  polarographic  setup  is  shown  schematically  in 
Fig.  1. 


Fig.  5.  Derivative  peaks  obtained  on  a 
platinum  cathode;  AgCl  concentration 
0.0005  molar  fraction.  1)  On  a  sta¬ 
tionary  cathode;  2)  on  a  rotating  cathode; 
V  =  100  rpm;  3)  on  a  rotating 
cathode;  V  =  500-750  rpiii;  4)  on  a 
rotating  cathode;  V  =  1500  rpm. 


Fig.  6.  Polarogram  obtained  during  the 
codeposition  of  lead  and  cadmium; 

PbClj  concentration  0.003  molar  frac¬ 
tion;  CdCl]  concentration  0.0005  molar 
fraction. 


First  of  all  we  took  ordinary  polarograms  for  separate 

and  simultaneous  deposition  of  the  metals  in  the  LiCl— KCl  supporting  electrolyte;  the  concentration  range  ex¬ 
amined  was  0.0002-0.001  molar  fractions;  die  sensitivity  was  S  =  1/  5000  (the  additional  shunt  connected  in 
parallel  with  the  galvanometer  had  a  value  of  100  ohms).  During  separate  deposition  of  the  metals,  reproducible 
polarograms  were  obtained;  during  simultaneous  deposition,  however,  positive  results  were  not  obtained.  The  de¬ 
composition  potential  of  the  supporting  electrolyte  was  -2.3  volts.  The  half-wave  potentials  were  as  follows:  for 
silver,  —0.9  volt;  for  lead  -0.95  volt;  two  waves  were  obtained  during  reduction  of  cadmium  chloride;  the  half¬ 
wave  potential  of  the  first  was  —1.1  volt,  while  for  the  second  it  was  —1.3  volt.  The  stepwise  reduction  of  cadmium 
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chloride  can  be  explained  by  the  presence  of  the  subchloride  in  solution;  it  has  been  shown  that  the  latter  can  be 
formed  both  in  aqueous  and  in  molten  media  [4,  5].  The  first  wave,  in  our  opinion,  corresponds  to  die  reduction 
of  cadmium  chloride  to  the  subchloride,  while  the  second  corresponds  to  the  reduction  of  the  subchloride  to  cad¬ 
mium  metal. 

The  value  of  the  limiting  diffusion  currents  for  concentrations  of  0.001  molar  fraction  was  as  follows: 
for  silver  0.24  ma  ,  for  lead  0.32 ma;  for  the  first  cadmium  wave  0.16  ma  and  for  the  second  0.06 ma. 

The  value  of  the  limiting  diffusion  current  was  found  to  be  directly  proportional  to  the  concentration  of 
the  material  being  reduced. 

The  derivative  polarograms  were  taken  at  a  sensitivity  of  S  =  1/  200. 

Initially,  separate  deposition  of  the  metals  on  stationary  electrodes  was  studied;  the  derivative  polaro¬ 
grams  obtained,  in  comparison  with  the  ordinary  polarograms,  gave  characteristics  which  were  more  clearly  de¬ 
fined,  both  qualitatively  and  quantitatively,  for  the  test  material. 

In  Fig.  2  is  shown  a  derivative  polarogram  for  silver  with  a  concentration  of  0.001  molar  fraction;  a  similar 
polarogram  is  shown  for  lead;  for  cadmium,  as  was  the  case  on  the  cvdinary  polarogram,  two  waves  were  obtained 
as  can  be  seen  in  Fig.  3.  The  potentials  of  the  derivative  peaks  of  the  chlcxides  tested  correspond  to  the  values 
of  the  half-wave  potentials,  with  insignificant  deviations. 

The  derivative  peaks  obtained  during  the  codeposition  of  silver  and  cadmium  are  shown  in  Fig.  4;  a  similar 
polarogram  was  obtained  during  the  codeposition  of  lead  and  cadmium. 

Our  experiments  on  the  rotating  cathode,  as  compared  with  the  stationary  electrode,  showed  that  at  rota¬ 
tional  speeds  of  100  rpm/min  the  height  of  the  derivative  peak  was  twice  that  obtained  on  a  stationary  electrode 
while  at  rotational  speeds  of  500-750  rpm  and  1500  rpm,  the  peaks  were  respectively  three  and  four  times 
greater  than  that  obtained  on  a  stationary  electrode.  The  derivative  polarograms  are  shown  in  Fig.  5. 

A  number  of  research  workers  have  attempted  to  sliow  that  there  is  some  relationship  between  the  height 
of  the  derivative  peak  and  the  rotational  rate  [6,  7];  however,  both  die  authors  indicated,  and  our  own  investiga¬ 
tions  have  not  been  able  to  establish  a  strictly  mathematical  relation  between  the  height  of  the  derivative  peak 
and  the  rotational  rate  of  the  electrode.  It  should  be  noted  that  in  aqueous  solutions,  the  value  of  the  diffusion 
currents  on  solid  rotating  electrodes  (at  rotational  rate  of  700-800  rpm)  increases  15-20  times  [8],  accordingly,  in 
molten  salts  the  value  of  the  diffusion  currents  is  5-7  times  less  than  in  aqueous  solution.  Apparently,  this  could 
be  determined  by  die  fact  that  in  molten  salts  the  temperature  is  the  predominating  factor.  It  is  known  that  the 
diffusion  coefficient  is  related  to  the  temperature  by  an  order  relationship. 

Since,  durit^  codeposition  of  the  test  ions  of  the  metals  on  ordinary  polarograms  we  were  unable  to  obtain 
positive  results,  polarograms  were  taken  at  a  low  polarization  rate  of  10-20  mv/min;  it  was  established  as  a  re¬ 
sult  of  these  tests  that  at  the  given  polarization  rates  on  the  ordinary  polarogram  shown  in  Fig.  6,  the  limiting  dif¬ 
fusion  currents  of  the  codeposited  ions  are  recorded,  and  the  stepwise  reduction  of  cadmium  chloride  is  confirmed. 

SUMMARY 

Derivative  polarograms  have  been  obtained  for  the  successive  deposition  of  silver,  lead,  and  cadmium  ions 
in  a  supporting  electrolyte  of  LiCl-KCl. 

It  has  been  established  that  on  using  a  rotating  solid  electrode  at  rotational  speeds  of  100,  500-750,  and 
1500  rpm,  the  value  of  die  diffusion  currents  increases  two,  three,  and  four  times, respectively. 

It  has  been  established  that  limiting  currents  can  be  recorded  during  the  codeposition  of  the  metals,  when 
low  polarization  rates  are  used  during  the  recorditg  of  normal  polarograms. 
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A  systematic  study  of  nitrophenylosazones  and  nitrophenylhydra zones  [1,  2]  has  led  us  to  conclude  that 
these  compounds  could  be  used  as  indicators  at  high  pH  values.  The  compounds  which  exhibit  the  most  clear-cut 
color  change  over  a  comparatively  narrow  pH  range  are  the  p-nitio-  and  2,4-dinitrophenylosazones  of  dOiydroxy- 
tartaric  acid  and  the  2,4-dinitrophenylhydrazones  of  pyroracemic  acid  and  acetone  (Table  1).  The  syntheses  of 
these  materials  have  been  described  in  die  literature  [3-5]  and  can  be  realized  readily. 

TABLE  1 


Approximate  Color  Chaise  Rai^e  of  Indicators  of  the  Hydrazone  Series 


Color 

Color  change 

Indicator 

Acid  form 

Alkali  form 

rai^e  in  pH 
units 

p-Nitrophenylosazone  of  di- 
hydroxytartaric  acid 

Light  yellow 

Dark  blue 

12.6-13.5 

2,4-Dinitrophenylosazone  of 
dihydroxy  tartaric  acid 

The  same 

Light  violet 

12.3-13.3 

2,4-Dinitrophenylhydrazone  of 
pyroracemic  acid 

The  same 

Red  or  dark  rose 

11.9-12.9 

2,4-Dinitrophenylhydrazone  of 
acetone 

The  same 

The  same 

11.6(11.5)-12.6 

One  of  the  positive  features  of  indicators  of  the  hydrazone  series  is  the  absence  of  an  appreciable  alcohol, 
jxotein,  and  temperature  error  within  certain  limits.  Experiments  which  we  have  carried  out  have  shown  diat 
high  alcohol  concentrations  (up  to  60-70*^)  have  no  effect  on  the  indicator  properties.  The  effect  of  proteins 
was  studied  by  means  of  gelatin  solutions, the  volume  of  which  was  altered  within  I’iie  limits.  During  diese  ex¬ 
periments  the  test  solutions  were  either  completely  aansparent  or  turbid,  but,  neveiTLieless,  the  range  over  which 
the  color  changes  occurred  did  not  chaise.  Variations  in  temperature  from  zero  to  80*  had  no  effect  on  the  in¬ 
dicator  properties. 

The  salt  error  (the  effect  of  sodium  chloride  and  potassium  sulfate  was  studied)  only  becomes  apparent  at 
high  salt  concentrations,  or  more  accurately. in  saturated  solutions.  In  this  case  at  a  ratio  of  NaCl/ NaOH  =  4:1 
and  higher,  the  color  change  range  shifted  by  about  0.2  pH  units  toward  the  higher  values;  this  shift  was  half 
as  much  for  potassium  sulfate. 

In  addition,  die  effect  of  cations  of  die  n-IV  groups  of  the  analytical  groups  on  the  behavior  of  indicators 


TABLE  2 

Determination  of  pH  with  Indic  ators  of  the  Hydrazone  Series 


Color  of  solutions 

pH 

2,4-Dinitrophenylhydrazone 
of  acetone 

2,4-Dinitrophenylosazone 
of  dihydroxytartaric  acid 

p-Nitrophenylosazone  of 
dihydroxytartaric  acid 

11.5-11.6 

Yellow 

Yellow 

Yellow 

11.7-11.9 

Yellow  with  orange  tinge 

The  same 

The  same 

12.0-12.2 

Pale  orange  with  slight 
rose  tinge 

The  same 

The  same 

12.4-12.5 

Rose  with  orange  tinge 

Indistinct  orange -rose 

Yellow 

12.6-12.8 

Dark  rose  with  slight 

Dark  yellow  with  a 

brownish  tinge 

Rose 

grayish  tii^e 

12.8-13.0 

The  same 

Rose  with  slight  lilac  tii^e 

Gray  with  pale -orange  tinge 

13.0-13.1 

The  same 

Lilac -rose 

Gray  with  blue  tinge 

13.2-13.4 

The  same 

Bright  violet 

Dark  blue  with  gray  tinge 

13.5  and  more 

The  same 

Bright  violet 

(appears  after  2-3  minutes) 
Bright  dark  blue 

was  examined,  since  it  has  been  noted  in  the  literature  that  there  is  a  possibility  of  an  interaction  between  certain 
phenylosazones  and  hydrazones  with  the  ions  of  a  number  of  metals  [6-8].  The  experiments  showed  that  Ca*^, 

Sr**^,  Ba**,  Al*^,  Fe*'*’,  Fe**^,  ,  Mi?* ,  Ag^,  Cd^"*^  ions  and  some  other  ions,  at  concentrations  up  to  1  M,  can  be 

present.  The  hydroxides  of  these  metals  do  not  interact  with  the  anions  of  the  indicators  in  an  alkaline  medium. 
Mg**  and  Ni**  ions  unconditionally  interfere,  since  their  hydroxides  absorb  the  indicator  anions  in  an  alkaline 
medium  to  form  precipitates  which  are  violet  or  red -violet  in  color. 

A  feature  of  the  indicators  described  which  is  of  practical  impcxrtance,  proved  to  be  the  invariability  of  the 
colors  of  the  acid  form  in  solutions  of  sodium  or  potassium  carbonate  (1  N  and  lower),  ammonium  hydroxide  (6-7 
N  and  lower),  sodium  phenolate  and  a  number  of  die  other  salts  of  the  alkaline  metals  with  organic  acids,  which, 
as  a  result  of  hydrolysis,  have  an  alkaline  reaction.  It  is  quite  obvious  that  this  property  is  explained  by  the  location 
of  the  transition  rai^e;  accordingly,  the  compounds  described  above,  in  particular  the  p-nitro-  and  2,4-dinitro- 
phenylosazones  of  dihydroxytartaric  acid  .can  be  used  (as  our  experiments  have  shown)  for  the  determination  of 
sodium  hydroxide  in  various  materials  by  direct  titration.  For  titration  O.OSfo  alcoholic  solutions  of  the  indicators 
should  be  used,  since  diey  are  only  sparingly  soluble  in  water.  0.1  ml  of  the  indicator  solution  is  added  to  each 
5-10  ml  of  solution  to  be  titrated.  It  is  best  to  use  1  N  hydrochloric  acid  as  titrant  (sulfuric  acid  of  the  same 
normality  can  be  used)  and  to  titrate  until  the  color  of  the  alkali  fcffm  of  the  indicator  changes  over  to  the  color 
of  the  acid  form, which  is  yellow  for  all  the  indicators.  Instead  of  the  2,4-dinitrophenylosazone  of  free  dihydroxy- 
taruric  acid  it  is  more  convenient  to  use  the  osazone  of  the  mono-substituted  ammonium  salt  which  is  obtained 
without  any  difficulty  by  treating  the  freshly  prepared  osazone  with  a  solution  of  ammonium  hydroxide  [2],  When 
the  p-nitrophenylosazone  of  dihydroxytartaric  acid  is  used,  alcoholic  solutions  of  this  indicator  should  be  prepared 
prior  to  use  and  should  not  be  kept  for  more  than  three  days  [2],  or  solutions  in  other  organic  solvents  (benzene, 
carbon  tetrachloride)  can  be  used. 

Indicators  of  the  hydrazone  series  can  be  used  also  for  the  photometric  determination  of  pH  in  the  rai^e 

11.5- 11.6  and  13.4-13.5  with  an  error  of  0.1-0. 2  pH  units. 

Technique  for  pH  Determination.  A  series  of  test  tubes  of  equal  diameter  and  made  of  colorless  glass  are 
chosen,  and  placed  in  a  stand  against  a  white  background.  0.05%  alcoholic  solutions  of  the  indicators  are  pre¬ 
pared  and  0.1  ml  of  a  solution  of  the  2,4-dinitrophenylhydrazone  of  acetone  introduced  into  one  of  the  test  tubes, 
10  ml  of  the  test  solution  is  then  added.  When  the  color  of  the  latter  is  bright  yellow,  then  the  pH  is  less  than 

11. 5- 11. 6, while  if  it  has  a  slight  orange  tinge  then  the  pH  lies  within  11.7-11.9.  At  pH  12-12.2  the  color  of 
the  solution  is  a  bright  orange  with  a  rosy  tinge,  while  at  pH  12.4-12.5  it  is  rose  with  an  orange  tii^e.  At  a  pH 
higher  than  12.5  (12.7-12.8  and  higher)  the  color  of  the  solution  is  rose  with  a  slight  brownish  tit^e  and  does  not 
change  for  furdier  increases  in  the  pH  value.  At  high  alkali  concentrations  (6  N  and  higher)  the  solution  again 
becomes  yellow.  In  order  to  get  an  accurate  value  for  the  pH  it  is  necessary  to  use  solutions  of  the  same  con¬ 
centration  of  die  p-nitro- and  2, 4-dinitrophenylosazones of  dihydroxytartaric  acid;  the  same  volumes  of  the  two 
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indicators  (0.1  ml)  are  added  to  separate  test  tubes  containii^  the  test  solutions. 

The  colors  of  solutions  of  die  indicators  and  the  pH  values  corresponding  to  them,  when  die  conditions  in¬ 
dicated  above  are  used,  are  given  in  Table  2. 


SUMMARY 

The  indicator  properties  of  certain  nitrophenylosazones  and  nitrophenylhydrazones  have  been  studied,  and  the 
possibility  has  been  established  of  usii^  them  in  solutions  with  high  concentrations  of  salts,  ethanol,  and  protein 
(gelatin)  within  the  temperature  range  0  to  80*.  It  is  suggested  diat  they  can  be  used  for  pH  determination  in  the 
range  11.5  to  13.4,  and  for  the  direct  titration  of  sodium  hydroxide  in  a  number  of  materials. 
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When  one  traces  the  development  of  chemical  analysis  during  the  last  four  centuries,  it  becomes  obvious 
that  the  amount  of  material  used  for  analysis  is  continuously  decreasing.  Gravimetric  analysis,  for  example, 
arose  in  the  middle  of  the  sixteenth  century  as  the  result  of  the  work  of  the  metallurgists  Agricola  and  Biringucho, 
who  reproduced  on  a  small  scale,  usii^  several  kilograms  of  ores,  the  metallurgical  processes  of  that  time,  in 
order  to  forecast  the  yield  of  pure  material.  It  is  known  that  around  1700,  Homberg,  who  was  die  first  to  study 
the  stoichiometric  laws,  carried  out  analysis  with  amounts  of  material  of  the  order  of  20-30  g.  In  the  middle  of 
the  eighteenth  century.  Black,  who  was  a  contemporary  of  Lomonosov,  and  together  widi  the  latter,  but  independ¬ 
ently,  discovered  the  law  of  the  conservation  of  matter,  was  already  working  with  amounts  less  than  ten  grams. 
Around  1825,  in  the  period  of  the  blossomii^  of  chemical  analysis,  thanks  to  the  work  of  Gay-Lussac  and  Berzelius, 
the  amount  of  material  necessary  for  analysis  had  fallen  to  less  than  one  gram.  In  the  course  of  the  nineteenth 
and  twentieth  centuries  this  amount  approached  100-200  mg,  which  is  characteristic  of  the  amount  used  for  modern 
macroanalysis,  described  in  die  classical  work  of  Fresenius  and  Treadwell. 

This  brief  review  shows  that  gravimetric  microanalysis  is  not  the  result  of  a  normal  evolutionary  develop¬ 
ment. 

When,  around  1900,Nernst  and  his  co-workers  started  to  work  with  amounts  of  one  milligram  and  less ,  this 
was  a  completely  revolutionary  idea.  During  further  development  a  tendency  was  observed  which  was  directly 
contradictory  to  that  mentioned  earlier.  The  amount  of  test  material  started  to  increase  gradually.  Microanalysts 
of  the  classical  Austrian  school  Emich,  Pregl,  Dubsky,  et  aL,  durii^  the  period  1915-1920,  and  at  present,  prefer 
to  work  with  amounts  of  1-5  mg,  and  in  modern  semimicroanalysis,  which  is  more  and  more  replacing  microanalysis 
in  the  strict  sense  of  the  word,  5-15  mg  of  test  material  is  used. 

In  general  terms  the  same  can  be  said  of  macro-  and  microqualitative  analysis.  Although  no  accurate  data 
are  available,  neverdieless,  it  is  known  that  here  again  the  amount  of  test  material  used  has  gradually  decreased 
in  the  course  of  the  last  three  centuries.  It  can  be  accepted  that  the  development  of  macroqualitative  analysis 
started  from  the  middle  of  the  seventeenth  century  thanks  to  the  work  of  Boyle,  who  was  the  first  to  use  what  we 
nowadays  call  "reagents*,  i.e.,  materials  with  the  aid  of  which  it  is  possible  to  detect  the  presence  of  some  other 
material.  At  the  end  of  the  eighteenth  century  Bergman  used  hydrogen  sulfide  and  the  alkali  metal  sulfides  for 
separating  the  metals  into  a  small  number  of  "groups.”  In  the  course  of  the  nineteenth  century,  Klaproth,  Rose, 
and,  particularly  Fresenius,  and  in  the  twentieth  century  Treadwell  also,  gave  to  qualitative  macroanalysis  its 
modern  aspect. 

Here  again  qualitative  microanalysis  was  essentially  a  new  method;  it  developed  completely  independently 
of  qualitative  macroanalysis.  As  long  ago  as  1679  Lee wenhoek  from  Delft,  the  founder  of  microbiology,  presented 


"Translated  from  English  by  Z.  I.  Podgaiskii. 
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to  the  Royal  Society  of  London  an  article  "On  the  Figures  of  Salts,"  in  which  he  showed  that  a  large  number  of 
the  salts  known  at  that  time  can  be  readily  identified  by  observation  under  the  microscope.  This  fundamental 
Idea  —  the  germ  of  "microcrystalloscopic  qualitative  analysis'  —  was  carefully  nurtured  by  the  naturalists  of  the 
flnt  half  of  the  nineteenth  century,  particularly  by  the  Frenchman  Raspail  and  the  Dutchman  Hartir^,  and  was 
developed  further  by  Boricky  from  Prague  and  Haushoffer  from  Munich,  and  reached  completion  in  the  form  of  a 
finished  "system"  thanks  to  die  work  of  Behrens  from  Delft.  Since  that  time  many  reactions  have  been  improved, 
and  many  new  reactions  discovered  as  the  result  of  the  latest  research  including  that  of  Chamot  and  Mason  in  the 
USA,  Geilmann  in  German,  and  Malyarov  in  Russia,  but  the  method  in  its  main  features  has  remained  almost  un¬ 
changed. 

Right  up  to  1925,  the  microcrystalloscopic  method  was  the  only  well-known,  or  at  least  die  most  widely 
used  technique  in  qualitative  microanalysis.  The  next  to  appear  were  "spot  reactions"  or  "spot  tests",  which, 
even  if  they  were  not  discovered  by  Feigl,  were  first  systematically  studied  and  used  by  him.  Thanks  to  re¬ 
search  carried  out  all  over  the  world,  a  large  number  of  useful  spot  reactions  were  discovered  in  an  unusually 
short  time.  Of  the  older  Russian  analysts,  a  very  active  part  in  the  development  of  this  field  of  analytical 
chemistry,  was  played  by  N.  A.  Tananaev,  A.  S.  Komarovski!,  N.  S.  Poluektov  —  the  leading  scientists  of  dieir 
time.  This  mediod  not  only  opened  up  new  possiblities  for  the  identification  of  various  ions,  but  also  led  to  the 
present  revolution  in  qualitative  analysis,  by  changing  the  apparatus  used;  spot  reaction  plates  or  pieces  of  filter 
paper  instead  of  test  tubes,  centrifuges  instead  of  filtering  apparatus,  etc. 

When,  however,  one  turns  to  titrimetric  microanalysis,  its  historical  development  took  a  totally  different 
path.  It  might  even  be  said  that  diis  analytical  method  hardly  has  any  real  hist(»y.  In  fact  it  has  developed  very 
recently.  Even  a  few  years  ago,  despite  the  availability  of  microburets,  no  one  used  them  unless  forced  to,  for 
example,  when  large  amounts  of  material  were  not  available.  We  shall  return  to  this  point  later. 

All  that  has  been  said  above  was  designed  to  show  that  right  from  the  beginnir^  microanalysis  was  a  method 
completely  different  from  macroanalysis.  It  was,  and  very  often  still  remains  a  "special  method"  of  chemical 
analysis  carried  out  by  a  separate  group  of  analysts  who  are  called  microanalysts,  if  not  microfanatics.  Many 
analysts  unwillingly  tolerate  it,  suffer  it,  since  it  has  applications  in  certain  cases,  in  particular,  in  organic  ana¬ 
lysis.  The  main  purpose  of  diis  article  is  to  defend  the  thesis  that  this  technique  is  not  only  a  special  method,  but 
that  it  is  definitely  the  best  method,  and  that  in  a  comparatively  short  time,  microanalysis  will  be  the  normal 
method  in  most  cases. 

Of  course,  I  cannot  but  take  into  account  the  fact  that  gravimetric  and  titrimetric  quantitative  methods  of 
analysis  are  being  replaced  to  an  ever-increasing  extent  by  instrumental  methods,  and  that  even  in  qualitative 
analysis,  spectroscopy  will  probably  replace  a  large  number  of  the  methods  which  are  in  current  use,  but  this  is 
a  special  question.  I  have  no  doubt  myself  that  for  at  least  many  years  to  come  "classical"  methods  of  analysis 
will  be  used  fairly  widely,  and  our  problem  is  to  carry  them  out  in  the  best  possible  way.  It  should  be  noted  that 
spectroscopy  is  a  typical  microanalytical  method,  and  the  same  can  be  said  of  many  other  quantitative  instru¬ 
mental  methods.  We  shall  not,  however,  discuss  them  here. 

As  for  qualitative  analysis,  it  seems  to  me  that  the  advantages  of  microanalytical  methods  have  already 
been  demonstrated  in  practice  not  only  in  industrial  research,  but  particularly  in  teachii^  students  the  bases  of 
chemistry.  Complete  disorder,  dirty  benches,  senseless  waste  of  reagents,  and  unfortunate  waste  of  time  and 
materials  are,  or  should  be,  diings  ofthepast.  Thanks  to  the  proper  choice  of  microcrystalloscopic  and  spot 
reactions  for  the  identification  of  various  Ions,  it  is  possible  at  present  even  for  the  beginner  to  carry  out  a  com¬ 
plete  qualitative  analysis  with  not  more  than  5-10  mg  of  test  material.  This  has  been  successfully  realized  for  a 
long  time  in  the  Institute  of  Microanalysis  at  Delft  Technical  University,  and  by  giving  a  microanalytical  course 
annually  during  the  vacation,  this  technique  has  successfully  penetrated  into  the  practice  of  industrial  and  other 
research  laboratories.  This  technique  not  only  gives  better  results  in  a  shorter  period,  and  at  a  lower  cost,  but  has 
die  added  advantage  that  it  trains  the  student  to  be  accurate  and  elegant  in  his  w(»k,  which  I  regard  as  very  im¬ 
portant.  Students,  particularly  in  the  first  year,  must  be  taught  that  chemical  work  should  be  carried  out  accurately, 
and  if  necessary  even  carried  out  on  a  dining  table.  1  am  aware  that  even  now  diere  are  still  universities  in  which 
the  old  methods  are  still  adhered  to.  Presumably,  in  such  universities,  it  is  thought  that  microanalysis  is  more  dif¬ 
ficult  to  cany  out  than  analysis  by  outdated  methods,  and  that  the  students  are  happy  if  they  can  splash  about  to 
dieir  hearts  content.  I  can  assure  you  that  nothii^  is  further  from  the  truth;  even  completely  inexperienced  students 
readily  get  accustomed  to  qualitative  microanalysis. 


456 


I  have  just  written  that  in  choosing  appropriate  reactions  for  identification  purposes  it  is  necessary  to  use 
both  microcrystalloscopic  and  spot  reactions.  There  is  a  fairly  large  number  of  scientists  who  seriously  discuss 
which  of  these  two  groups  of  reactions  is  the  most  effective.  This  seems  to  me  to  be  a  futile  question.  It  is 
obvious  that  for  some  ions  one  group  is  preferable,  while  for  others  the  other  group  is  more  suitable.  The  two 
methods  should  therefore  be  studied.  Moreover,  the  reliability  and  confidence  in  an  identification  increases  when 
it  is  possible  to  confirm  it  by  two  different  methods. 

I  could  not  possibly  affirm  that  at  present  qualitative  microanalysis  has  already  reached  its  final  and  com¬ 
plete  form.  For  the  identification  of  a  fairly  large  number  of  ions  we  should  definitely  like  to  have  better,  and. 

In  particular,  more  selective  reactions.  It  is  quite  possible  that  methods  which  will  be  essentially  new  will  appear. 
Maybe  chromatography  will  be  used  more  widely  than  at  present,  etc.  Until  recently  analysts  have  neglected,  if 
not  deliberately  ignored,  a  large  number  of  the  less  widely  distributed  elements  to  the  detriment  of  the  solution 
of  geochemical  and  technical  problems.  Thus,  there  are  still  new  and  interesting  fields  to  confront  the  presen^ 
day  worker.  However,  even  now,  qualitative  microanalysis  has  been  developed  to  such  an  extent  that  it  can  re¬ 
place  outdated  mediods  in  those  fieldswhere  it  can  be  used. 

Over  a  period  of  many  years  the  main  difficulty  in  gravimetric  microanalysis  has  been  the  problem  of 
weighing.  It  cannot  be  denied  that  weighing  to  an  accuracy  of  six  decimal  places  on  balances  of  the  Kuhlmann 
type,  as  recommended  by  the  Austrian  school.is  highly  undesirable  and  tedious.  Bearing  in  mind  vibrations,  the 
zero  shift,  the  asymmetric  heating  of  the  balance  beam,  and  a  large  number  of  other  obstacles,  weighing  was 
really  a  very  tense  operation,  and  I  would  not  be  surprised  if  the  antipathy  often  found  toward  microbalance  pro¬ 
cedures  has  not  found  conscious  or  unconscious  justification  in  these  Kulman  balances. 

But  all  this  is  past  history.  Modern,  completely  automatic  balances  have,  in  practice,  put  an  end  to  the 
difficulties  of  weighing,  particularly  if  one  can  be  satisfied  with  the  fifth  decimal  place  for  ordinary  work,  and 
where  weighing  to  the  sixth  place  has  only  to  be  carried  out  in  those  rare  instances  where  it  is  unavoidable.  In 
the  past,  without  any  doubt,  there  were  too  many  microfanatics,  who  weighed  to  microgram  accuracy  when  there 
was  no  real  need,  and  what  is  worse,  without  having  any  clear  ideas  of  the  precautionary  measures  which  are 
necessary  in  such  cases.  I  shall  mention  two  such  cases.  The  first  only  relates  to  Kuhlman  balances.  It  has  al¬ 
ways  been  considered  that  calibration  of  the  weights  is  not  essential,  since  the  difference  between  the  weight  of 
an  empty  and  a  full  crucible  was  determined  from  the  notches  on  the  balance  arm  or  from  the  scale.  But  it  was 
forgotten  that  it  is  more  difficult  to  place  the  notches  at  exactly  equal  intervals  than  to  ensure  an  exact  equi¬ 
librium,  and  that,  in  each  case,  calibration  of  the  weights  however  tedious  it  might  be,  is  considerably  easier 
than  calibrating  the  notches  on  the  balance  arm.  The  second  difficulty  which  is  not  normally  taken  into  account, 
consists  in  the  changes  in  air  density  which  must  be  considered  when  a  Kuhlmann  balance  or  an  automatic  balance 
is  used.  It  is  usually  assumed  that  Archimedes*  force  can  be  ignored,  since  it  is  the  same  for  the  empty  and  the 
full  crucible;  but,  this  is  only  true  in  those  cases  where  the  air  density  does  not  change  in  the  time  interval 
between  the  two  weighings.  It  can  be  calculated  that  for  rapidly  changing  atmospheric  conditions,  neglect  of 
this  fact  can  easily  lead  to  errors  of  40-30  pg.  Some  even  advance  this  fact,  without  any  foundation,in  my 
opinion,  as  an  argument  against  the  use  of  automatic  one-pan  balances.  I  have  shown  [1]  that  by  using  a  simple 
apparatus  which  follows  changes  in  air  density,  that  the  source  of  these  very  considerable  errors  can  be  readily 
eliminated  by  rapidly  reducing  the  results  of  all  weighings  to  the  same  temperature  and  atmospheric  pressure. 

We  have  established  that  it  is  possible  in  this  way  to  increase  the  precision  of  microgravimetric  determinations 
significantly. 

In  general,  it  seems  to  me  that.at  present,  weighing  to  the  fifth  or  even  sixth  decimal  place  on  a  completely 
automatic  balance  is  not  more  difficult,  and  takes  no  longer,  than  we^hing  to  the  fourth  place  on  the  old-type 
balances  with  or  without  damping. 

Bearing  this  fact  in  mind,  one  can  hardly  deny  that  gravimetric  microanalysis  has  many  advantages.  Above 
all  it  is  appreciably  quicker  than  the  macromethod.  It  can  be  readily  shown,  and  experiment  has  confirmed  this, 
that  the  time  necessary  for  many  tiresome  analytical  operations,  e.g.  dissolution,  evaporation,  and  filtration  de¬ 
crease  by  approximately  5Cf7o  when  the  amount  of  material  is  reduced  to  a  tenth.  Where  time  is  “money,  the 
micromethod  i"  the  answer.  Secondly,  the  micromethod  is  cheaper  from  the  point  of  view  of  reagent  expenditure. 
By  cutting  down  the  amount  of  material  to  a  tenth,  an  economy  of  on  the  reagents  can  be  effected.  If  cost 
is  not  of  primary  importance,  then  taking  the  cost  by  a  macromethod  as  an  operational  level,  then  it  is  is  possible, 
using  a  micromethod ,  to  use  better  but  more  expensive  reagents.  Thirdly,  the  micromethod  requires  much  less 
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laboratory  space,  and  this  can  be  of  decisive  irnpcfftance  under  certain  conditions.  Finally,  work  on  a  micro¬ 
scale  can  be  carried  out  by  more  elegant  techniques,  which,  on  the  one  hand  is  very  desirable  for  instructing 
students,  and  on  the  other  hand,  is  a  guarantee  against  slovenly  work  in  indusuial  laboratories. 

Finally,  all  that  has  been  said  would  not  be  of  great  significance  if  microgravimetric  methods  were  consider¬ 
ably  less  accurate  than  macrodetermination.  At  the  moment,  in  our  opinion,  microanalysis  cannot  ensure  such  a 
high  degree  of  accuracy  as  is  possible  by  using  a  macromethod.  Actually,  it  cannot  be  denied  that  in  order  to 
achieve  die  highest  accuracy,  it  is  necessary  to  increase  rather  than  decrease  the  amount  of  sample  used.  But 
microanalysis  is  a  comparatively  new  method,  it  is  not  surprising  that  hitherto  it  has  not  always  been  able  to  com¬ 
pete  with  macroanalysis,  which  already  has  a  history  of  200  years  behind  it.  Moreover,  very  often  the  "notorious* 
accuracy  of  the  ordinary  methods  is  nothing  else  than  a  high  degree  of  reproducibility,  while  the  enors-  devia¬ 
tions  from  the  true  value  —  are  masked  by  standardization.  In  many  other  cases,  high  accuracy  —  only  an  un¬ 
necessary  increase  in  the  qualificationsof  laboratory  workers  -  is  unjustified  both  from  a  scientific  and  an  industrial 
point  of  view.  All  the  same,  at  present,  the  accuracy  of  microanalysis  is  only  slightly  less  than  that  of  macro¬ 
analysis.  There  is  a  basis,  however,  for  assuming  that  finally  this  small  difference  will  disappear. 

In  this  connection  I  shall  deliberately  not  use  the  term  "semimicro"  since  it  can  lead  to  confusion.  In  our 
institute  we  arbitrarily  designate  as  "semimicro"  all  those  gravimetric  methods  in  which  weighii^  is  carried  out 
to  the  fifth  decimal  place,  and  as  "micro"  those  methods  where  the  weighing  is  carried  out  to  the  sixth  decimal 
place  —  independently  of  the  amount  of  mateiial.  Thus,  in  this  sense  I  of  course  acknowledge  the  different  mean¬ 
ing  of  the  words.  I  would,  however,  be  very  sorry  if  this  might  lead  to  the  idea  that  micro-  and  semimicroanalysis 
are  methods  which  are  at  least  contradictory,  or  to  a  lesser  extent,  have  basic  differences.  Nothing  is  further  from 
the  truth;  I  would  prefer  to  say  that  semi  microanalysis  is  one  of  the  forms  of  microanalysis.  Actually,  all  the  basic 
techniques  are  the  same;  they  have  the  same  advantages  and  disadvantages.  The  semimicro  method,  i.e.,  as 
defined  here,  gravimetric  analysis  in  which  weighing  is  carried  out  to  the  fifth  decimal  place,  is,  in  my  mind, 
always  preferable  as  long  as  the  amount  of  material  available  is  not  so  small  that  the  "real*  micromethod  has 
to  be  used.  In  this  connection,  it  should  be  remembered  that,  as  a  rule,  the  switch  from  semimicro  to  micro 
does  not  lead  to  any  gain  in  time,  since  manipulation  of  the  apparatus  becomes  more  difficult,  and  does  not  lead 
to  any  appreciable  economy  in  cost. 

There  are,  naturally,  many  methods  for  carrying  out  gravimetric  microanalysis,  but  there  is  one  which  we 
very  often  use,  this  is  filtration  throtigh  an  asbestos  filter  and  drying  to  constant  weight  at  temperatures  not  higher 
than  180*,  in  order  to  avoid  loss  of  combined  water  from  the  asbestos.  Where  it  is  necessary  to  dry  or  calcine  at 
a  higher  temperature,  we  use  filter  tubes  of  quartz  glass  with  a  quartz  filter  disc,  but  this  is  usually  exceptional. 
Instead  of  the  well-known  filter  tubes  with  a  filter  of  porous  glass,  we  use  either  a  glass  tube  with  a  drawn-out  tip 
and  a  glass  bead  covered  with  asbestos,  or  filter  sticks  packed  with  asbestos  fen:  sucking  in  the  inverted  position. 
These  filters  are  readily  cleaned,  and  moreover,  they  cost  next  to  nothing.  Even  nov/  the  number  of  reagents 
used  for  precipitating  various  ions  to  give  precipitates  which  can  be  dried  to  constant  weight  at  temperatures  not 
less  than  180*  (when  necessary,  in  a  vacuum)  is  more  than  sufficient,  and  will  increase  when  this  method  has  found 
wide  application.  Several  years  ago  it  was  usually  thought  that  such  reagents  are  almost  always  organic  reagents, 
but  in  recent  years  it  has  been  sliown  that  a  large  number  of  inorganic  reagents  are  also  suitable.  In  this  connec¬ 
tion  the  result  of  the  thermogravimetric  studies  of  Duval  et  al  [2]  are  of  interest.  We  are  working  with  such  methods 
with  students  in  our  institute,  and  several  of  the  methods  are  being  successfully  used  in  industrial  laboratories. 

As  mentioned  above,  until  comparatively  recently,  the  position  with  respect  to  titration  methods  was  con¬ 
siderably  less  satisfactory.  The  old  microburets  had  very  many  serious  drawbacks.  They  were  narrow  tubes  which 
were  difficult  to  clean,  while  reading  of  the  scale  divisions  was  rendered  difficult  by  contaminations  of  the  walls 
by  fatty  materials.  "Drainage  time*  was  so  large  that  calibration  proved  fictitious  if  could  not  be  linked  up  with 
the  rate  at  which  tlie  buret  emptied.  The  obvious  need  was  for  small  burets  witli  small  taps,  but  small  taps  al¬ 
ways  leaked.  And,  finally,  the  drops  from  a  microburet,  although  actually  several  times  smaller  than  the  drops 
from  an  ordinary  buret,  did  not  decrease  in  proportion  to  the  amount  of  solution,  so  that  titration  was  rather  in¬ 
accurate.  This  drawback  has  in  recent  years  been  successfully  overcome  by  using  burets  with  a  long,  thin,  drawn- 
out  tip  which  can  be  immersed  below  the  liquid  level*  in  this  way  drop  formation  is  in  general  excluded.  A  few 
years  ago  elimination  of  two  other  drawbacks  become  possible  thanks  to  two  technical  inventions;  the  first  was 
the  possibility  of  making  glass  tubes  with  a  perfectly  circular  cross-section  and  of  constant  diameter,  and  the 
other  was  the  use  of  plastics  —  teflon  (CjF4)ii,  which  is  not  attacked  by  the  usual  titrants,  while  at  the  same  time 
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it  Is  sufficiently  stable  and  elastic  that  it  is  possible  to  make  pistons  \yhich  do  not  leak.  Modern  piston  burets  — 
the  Svtfiss  make  Metrome  with  a  capacity  of  up  to  5  ml,  and  the  German  make  Strohlein  with  a  capacity  of  down 
to  0.5  ml,  and  maybe  others  of  which  I  am  unaware  -  have  completely  changed  the  state  of  affairs.  Microtitra- 
don  can  now  be  carried  out  with  scarcely  greater  difficulty  than  macrotitration  by  classical  methods.  Tap  leak¬ 
age  has  been  eliminated  by  improvii^  the  quality  of  the  tap,  or  by  using  large  taps  on  small  burets,  which  may 
not  be  very  good  from  an  aesthetic  point  of  view,  but  is  definitely  preferable  ftom  a  technical  point  of  view. 

In  my  opinion,  microdtration  will  soon  be  in  widespread  use.  It  has  the  same  advantages  as  gravimetric 
microanalysis  with  respect  to  economy  of  reagents,  and  is  more  elegant  in  operation;  but,  there  is  one  essential 
difference.  Microdtradon  is  not  quicker,  rather  it  is  slower  than  macrodtradon,  and  requires  more  expensive 
apparatus,  even  if  it  were  only  the  quesdon  of  having  to  use  mechanical  magnedc  sdners. 

All  the  same,  even  if  in  the  near  future,  microburets  do  not  supplant  completely  the  old  macroburets,  I 
still  think  that  the  use  of  the  latter  will  decrease  appreciably.  As  experiment  has  shown,  die  micromethod  often 
finds  unexpected  uses,  if  only  to  show  that  it  cannot  be  used. 

In  general,  so  it  seems  to  me,  there  is  a  basis  for  assuming  that  after  a  short  time  microanalysis  will  be  the 
general  method  in  chemical  analysis  -  without  doubt  in  qualitative  and  gravimetric  quandtadve  analysis,  and 
jxobably  also  in  titrimetric  analysis,  although  somewhat  later.  Microanalysis  is  an  unusual,  special  style  of  work. 

Of  course,  there  will  always  be  cases  where  it  will  be  better  to  use  macro-  or  even  supermacroanalysb,  but  sudi 
cases  will  be  met  less  and  less  frequently.  Industrial  laborattxiies,  in  particular,  cannot  condnue  wasting  time  and 
money.  True,  the  position  is  not  such  that  one  stroke  of  the  pen  will  be  sufficient  for  switching  to  the  new  method. 

In  technical  analysis  there  are  many  generally  accepted  methods  which  would  give  other  results  on  altering  the 
apparatus.  For  adapting  them  to  die  new  style  of  work  a  large  amount  of  work  is  necessary,  but  this  is  a  pleasant 
task  for  closely  working  groups  of  analysts  in  industry. 

I  have  fairly  frequently  heard  the  argument  against  microanalysis  that  it  is  not  commensurate  widi  die 
demands  for  carefully  averaged  (sampled)  test  material.  I  reject  this  argument  completely.  Of  course,  the  weight 
of  sample  which  should  be  chosen  from  a  mass  of  material  is  determined  only  by  the  weight  of  die  whole  mass 
and  by  the  degree  of  its  homogeneity  -  and  by  nodiii^  else.  Sampling  has  its  own  rules  which  are  completely  in¬ 
dependent  of  purely  analytical  considerations.  Unfortunately,  the  necessity  sometimes  arises  for  using  a  whole 
liter  of  hydrochloric  acid  for  dissolving  the  test  material  in  order  to  make  it  homogeneous.  This  is  sometimes  un¬ 
avoidable,  but  after  homogenizing  the  sample,  there  is  nothing  to  force  us  to  continue  wasting  expensive  reagents. 
That  is  the  analyst's  concern;  if  he  thinks  that  he  can  carry  out  an  analysis  just  as  well,  if  not  even  better,  by 
means  of  small  laboratory  apparatus,  then  he  is  justified  in  refusing  to  use  a  macromethod. 

If  everything  should  go  precisely  in  this  way,  then  it  is  obvious  diat  it  should  be  reflected  in  die  methods 
of  teaching  analytical  chemistry  in  our  universities  and  special  schools  for  training  laboratory  workers.  In  uni¬ 
versities  we  usually  have  two  different  courses;  in  die  first  year  the  course  consists  of  an  introduction  to  the  basis 
of  chemistry  and  chemical  laboratory  practice,  while  in  successive  years  the  theoretical  basis  of  the  various  methods 
of  chemical  analysis  is  taught.  When  microanalysis  is  touched  upon,  it  is  usually  as  a  part  of  the  second  course  to¬ 
gether  with  instrumental  methods  of  analysis,  and,  quite  often  as  part  of  the  (xganic  chemistry  course.  In  my 
opinion  such  a  state  of  affairs  is  no  longer  applicable.  When  such  a  course  is  followed,  the  impression  is  created 
diat  there  is  some  contradiction  between  microanalysis  and  "(ordinary "  analysis.  It  is  possible  to  prepare  intro¬ 
ductory  courses  on  general  chemistry,  without  including  chemical  analysis,  particularly  analytical  laboratory  work; 
but,  if  we  do  neverdieless  include  it,  then  it  should  be  actually  done  on  the  modern  level.  It  is  useless  teaching 
students  how  their  predecessors  carried  out  qualitative  and  gravimenric  analysis.  On  the  other  hand,  if  we  are 
convinced  that  the  micromethod  is  already  preferable,  the  best  way  of  promulgating  its  use  in  industry  and  re¬ 
search  will  be  to  teach  our  students  this  method  -  and  nothing  else  —  right  from  the  first  practical  course.  From 
many  years  experience  I  know  that  students  take  it  up  with  great  enthusiasm,  even  if  it  is  because  the  better  re¬ 
sults  that  they  obtain  confirm  their  faith  in  themselves,  and  this  is  of  course  of  primary  psychological  importance. 
They  will  learn  later  that  there  are  still  exceptions,  particularly  in  some  forms  of  technical  analysis.  At  present, 
students  are  uught  that  the  micromethod  is  normally  used  in  organic  analysis,  but,  in  my  opinion,  the  accent 
should  be  shifted  radically.  Maybe  this  will  be  rather  sad  for  certain  chairs  of  microanalysis  which  would  cease 
to  exist  if  what  1  suggest  is  put  into  force,  but  this  would  be  dieir  contribution  to  what  is  bound  to  happen  in  the 
end.  By  ceasing  to  exist  as  a  separate  entity  they  would  demonstrate  to  analysts  that  the  micro  style  is  one  of  die 
characteristic  features  of  the  chemical  analysis  of  tomorrow. 
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Ion  exchange  polymers  (ion  exchange  resins)  have  found  wide  application  in  analytical  chemistry,  by 
facilitating  separation  of  cations  from  anions,  increasii^  the  concentration  of  very  dilute  solutions,  and  replac¬ 
ing  tedious  extraction  processes  by  filtration  methods  [1].  The  use  of  ion  exchange  resins  has  led  to  the  creation 
of  ion  exchange  chromatography  [2].  Nevertheless,  the  use  of  this  mediod  in  many  instances  requires  preliminary 
separation  from  the  solution  of  some  of  the  ions,  or  the  conversion  of  some  of  them  into  other  valence  forms  in 
order  to  give  them  properties  which  will  differentiate  them  from  other  ions  found  in  the  same  solution.  Addition 
to  the  solution  of  precipitants,  and  of  oxidizing  or  reducing  agents,  complicates  the  composition  of  the  solution, 
often  leading  to  an  unacceptable  change  in  the  pH  of  the  solution  and  in  its  concenuation.  It  is  better  to  use  for 
these  cases  readily  regenerated  electron  exchanging  polymers  [3,  4].  On  filtering  a  solution  throt^h  a  column 
filled  with  granules  of  such  a  polymer,  it  is  possible  to  lower  die  valence  of  such  ions  as  Cu^,  Fe^,  Mn^,  Ti^^ 
and,  in  this  way,  facilitate  their  separation  from  accompanying  ions.  Reduction  of  silver,  mercury,  and  gold  ions 
and  oxidation  of  chloride,  bromide,  and  iodide  ions  permits  their  separation  from  solution.  Finally,  by  filtering  a 
solution  through  electron  exchanging  polymers  it  is  possible  to  remove  oxygen  dissolved  in  diem. 

Electron  exchanging  polymers  are  synthesized  by  copolymerization  of  vinylhydroquinone  with  styrene  or 
vinylpyridine  or  by  the  copolycondensation  of  hydroquinone  and  phenol  with  formaldehyde  [5,  6].  Electron  ex¬ 
change  is  determined  by  die  reversible  transition  of  the  hydroquinone  chains  of  die  macromolecule  of  die  polymer 
into  the  quinoid  form: 
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The  electron  exchanging  polymers  have  not  found  wide  practical  application  since  they  possess  low  me¬ 
chanical  strength  and  chemical  stability.  This  obviously  ako  explains  the  decrease  in  their  electron  exchanging 
capacity  after  several  oxidation  and  reduction  cycles. 

Gregor  [7]  and  Parrish  [8]  have  suggested  that  electron  exchanging  polymers  can  be  prepared  by  introducii^ 
sulfhydryl  groups  into  copolymers  of  styrene  and  divinylbenzene.  These  authors  have  not  given  any  data  on  die 
conditions  used  for  synthesizing  the  thiolcopolymers,  or  the  properties  of  the  materials  they  prepared.  We  have 
checked  on  methods  ftxr  preparing  sulfhydryl  copolymers,  and  have  established  the  most  favorable  conditions  for 
carrying  out  this  reaction  and  for  studyii^  the  properties  of  the  thiolcopolymers.  The  startii^  materials  we  chose 
were  chloromethylated  copolymers  of  styrene  and  divinylbenzene  (SD)  or  diallylmaleate  (SAM).  The  copolymers 
were  prepared  by  granulated  copolymerization  in  which  the  granule  size  was  0.25  to  0.5  mm.  The  granules  were 
kept  in  dichloroethane  in  order  to  swell  them,  they  were  then  chloromethylated  by  die  slmuluneous  action  of 


paraform  and  hydrogen  chloride  in  the  presence  of  zinc  chloride.  The  chloromethylated  polymer  SD  contained 
14^  chlorine,  while  the  polymer  SAM  contained  16f!/o  chlorine.  Replacement  of  the  chlorine  atoms  in  the  copoly¬ 
mers  by  sulfhydryl  groups  can  be  realized  by  the  action  of  sodium  sulfide  or  thiourea  with  subsquent  saponifica¬ 
tion  with  alkali. 
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In  the  first  case  the  granules  of  the  chloromethylated  copolymer  was  allowed  to  swell  in  dioxane  and  then 
mixed  with  an  alcoholic  solution  of  sodium  sulfide;  the  mixture  was  heated  at  90-95*  for  10  hours  while  being 
stirred.  After  extracting  the  granules  and  then  regenerating  with  a  hydrochloric  acid  solution,  it  was  found  that 
the  sulfur  content  was  2.4^o,  while  the  acid  number  in  terms  of  NaOH  was  30  mg/ g.  Accordii^ly,  the  copolymer 

contained  sulfur  only  in  the  form  of  sulfhydryl  groups 
(-SH).  On  passing  a  FeCls  solution  through  a  column 
packed  with  granules  of  this  type  at  the  rate  of  3  ml/ min, 
it  was  possible  to  reduce  156.8  mg  of  Fe*^  to  Fe*^  per 
g  of  copolymer.  Of  this  44.8  mg/ g  of  Fe  was  absorbed 
by  the  copolymer.  The  absorbed  iron  ions  were  eluted 
with  a  strictly  equivalent  amount  of  hydrogen  ions. 

It  was  found  possible  to  introduce  a  considerably 
greater  amount  of  sulfhydryl  groups  into  the  copolymer 
by  interactii^  it  with  thiourea.  For  this  purpose  the 
granules  of  the  chloromethylated  copolymer  which 
had  been  allowed  to  swell  in  dioxane  were  mixed 
with  a  solution  of  thiourea  mixed  with  dioxane  and 
alcohol.  The  reaction  was  carried  out  for  six  hours  on 
heating  and  stirring  at  90-95*.  The  granules,  which 
did  not  alter  their  external  appearance,  were  saponified 
with  an  alcoholic  solution  of  alkali  and  converted  into 
the  acid  form  by  means  of  a  hydrochloric  acid  solution. 

The  sulfur  content  of  the  sulfhydryl  copolymers 
obtained  by  the  second  method  was  11*^  while  the  acid 
number  in  terms  of  NaOH  was  156  mg/ g.  In  the  given 
instance  all  the  sulfur  in  the  copolymer  formed  thio 
groups  (~SH).  The  copolymer  swelled  slightly  in  water 
{lS-2(fIo),  while  maintaining  its  glass-like  appearance 
and  the  high  stability  characteristic  of  the  original  co¬ 
polymers.  The  reducing  capacity  of  the  thiolcopolymers, 
and  the  reproducibility  of  this  capacity  after  eluting 
the  absorbed  ions  and  restoring  the  polymer  (regenera¬ 
tion),  were  checked  by  the  dynamic  method.  Regeneration  of  the  polymer  was  effected  by  washing  it  with  a  l(flo 
sodium  hydrosulfite  solution,  the  volume  of  the  latter  used  being  15  times  the  volume  of  the  column  occupied 
by  die  thiolcopolymer.  The  results  of  these  experiments  are  given  in  the  Figure.  The  complete  reducing  capacity 
of  die  sulfhydryl  copolymer  SD  with  respect  to  iron  ions  was  380.8  mg/g;  while  for  the  copolymer  SAM  the  value 
was  392  mg/ g.  Of  this  amount  of  iron,  134  mg  of  iron  was  absorbed  by  the  polymer  and  was  eluted  by  the  acid 
solution.  After  elution  of  the  iron  ions,  the  polymer,  prior  to  i.s  regeneration,  with  sodium  hydrosulfite,  was  de¬ 
prived  of  its  capacity  to  reduce  ions,  but  preserved  the  properties  of  an  insoluble  weak  acid  and  was  capable  of 
exchanging  hydrogen  ions  for  cations.  Its  acid  number  in  terms  of  NaOH  was  116  mg/g.  Accordingly,  during  the 


Reduction  of  Fe**"  ions  by  thiolco¬ 
polymers  of  styrene  and  divinyl- 
benzene  (1*  and  1")  and  by  thiol¬ 
copolymers  of  styrene  and  diallyl- 
maleate  (2*  and  2").  1'  and  2*)  the 
amount  of  Fe**^  ions  reduced  per  cycle 
and  the  amount  absorbed  by  the  co¬ 
polymer,  mg/ g;  1*  and  2*)  the  amount 
of  Fe**"  ions  reduced  after  the  same 
cycles,  but  carried  out  in  the  filtrate, 

mg/g. 
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process  of  reducing  iron  ions,  of  the  sulfhydryl  groups  are  oxidized  to  a  new  acid  form,  which  preserves  the 
capacity  of  the  copolymer  to  exchange  cations.  The  new  acid  groups,  however,  have  a  low  degree  of  ionization. 
At  a  jirfi  greater  than  10  the  capacity  with  respect  to  sodium  ions  amounted  to  2.9  meq/ g,  which  dropped  to  1.8 
meq/  g  at  pH  7,  while  its  capacity  with  respect  to  iron  ions  in  a  FeCl)  solution  was  0.4  meq/g. 

Hrobably,  the  greater  part  of  the  sulfhydryl  groups  of  the  copolymer  are  oxidized  to  form  sulfinate  groups, 
which  enter  into  an  ion  exchat^e  reaction  with  part  of  the  reduced  cations: 


— CH,-CH-CH,-CH  -CHr-CH-CH,— CH— 


n  FeCts 


-f-  mFeCU 

+  (n— m)  HCl 


CH,  CHs 

I  I 

SH  SH 


CH, 


Fe»+ 


CH, 

I 

S=0 


The  sulfhydryl  copolymers  reduced  80  mg/ g  cupric  ions  from  a  CuCl|  solution  to  cuprous  ions,  22  mg/  g  of 
this  amount  being  absorbed  by  the  copolymer.  By  means  of  the  thiolcopolymers  it  was  found  possible  to  reduce 
150  mg/ g  of  silver  ions  to  metallic  silver. 


SUMMARY 

Conditions  have  been  established  for  preparing  electron  exchanging  copolymers  containing  sulfhydryl  groups. 

It  has  been  shown  that  these  thiolcopolymers  have  a  high  electron  exchange  capacity,  which  does  not  change 
in  the  course  of  8-10  oxidation— reduction  cycles. 

It  has  been  establiiied  that  the  election  exchange  process  is  accompanied  by  an  ion  exchange.  This  gives 
a  basis  for  suggesting  that  the  reversible  oxidation  of  die  sulfhydryl  groups  of  the  copolymer  occurs  prior  to  the 
formation  of  sulfinic  acid  chains. 
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PARTITION  CHROMATOGRAPHY  OF  AROMATIC  HYDROCARBONS 
ON  RUBBER-LIKE  POLYMERS* 
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V.  I.  Lenin  Belorussian  State  University,  Minsk 

Translated  from  Zhurnal  Analitcheskoi  Khimii,  Vol.  15,  No.  4,  pp.  405-408, 
July-August,  1960 

Original  article  submitted  June  2,  1959 


At  present  partition  chromatography  is  one  of  the  most  important  methods  of  chromatographic  analysis  [1], 
Until  recently  hydrophilic  carriers  have  been  used  exclusively  as  the  stationary  phase  in  partition  chromatography. 
Accordii^ly,  the  overwhelming  majority  of  organic  materials,  including  hydrocarbons  of  all  classes,  could  not  be 
used  as  test  materials  for  this  method.  Recently  [2,  3]  attempts  have  been  made  to  overcome  this  difficulty  by 
introducii^  hydrophobic  carriers,  raw  and  vulcanized  rubber  having  been  suggested  for  this  purpose.  By  usii^ 
benzene  and  n-heptane  as  the  stationary  phases  it  has  been  found  possible  to  separate  some  mixtures  of  polar  or¬ 
ganic  materials  (fatty  acids,  nitrotoluene,  etc).  Further,  in  partition  chromatography  one  must  always  take  into 
account  the  danger  of  superposition  of  the  adsorption  isotherm  on  the  partition  isotherm,  since  it  is  difficult  to 
find  a  carrier  the  adsorption  properties  of  which  can  be  completely  ignored. 

Accordingly  the  idea  of  the  possibility  of  doir^  without  a  carrier  in  partition  chromatography  is  very 
attractive.  At  first  glance  such  an  idea  would  seem  to  be  out  of  the  question,  however,  recently  [4]  die  possibi¬ 
lity  was  suggested  of  using  high  polymers  not  only  as  a  carrier  but  directly  as  the  stationary  phase. 

The  possibility  of  usii^  rubber-like  high  polymers  in  partition  chromatography  as  the  stationary  phase  was 
given  its  first  experimental  foundation  in  [5];  in  these  papers  a  detailed  study  was  made  of  the  partition  of  hydro¬ 
carbons  between  the  high  polymer  phase  and  the  phase  of  the  low  molecular  weight  organic  liquids.  It  was  shown 
that  rubber- like  high  polymers  are  selective  solvents  for  hydrocarbons,  while  equilibrium  partitioning  is  established 
fairly  rapidly,  particularly  when  weakly  linked  and  unfilled  high  polymers  are  used. 

In  the  work  described  here,  the  chromatographic  method  based  on  the  partitioning  of  the  test  components 
between  the  stationary  high  polymer  phase  and  the  mobile  low  molecular  weight  liquid,  has  been  used  for  the 
separation  of  aromatic  hydrocarbons. 


EXPERIMENTAL 

The  stationary  phase  used  was  a  SKB  vulcanizate  of  the  following  composition:  SKB,  100  parts  by  weight; 
sulfur,  2  parts  by  weight;  ruberax,  3  parts  by  weight;  captax  1.25  parts  by  weight;  stearic  acid,  1.25  parts  by 
weight;  diphenylguanidine,  0.5  part  by  weight;  and  zinc  oxide,  5  parts  by  weight. 

Sheets  of  die  rubber  approximately  1  mm  thick  were  cut  into  small  pieces  which  were  ground  in  an  agate 
mortar  into  a  powder  with  an  average  particle  size  of  0.30  mm,  after  preliminary  swellii^  in  benzene.  The  powder 
obtained  was  carefully  washed  with  benzene,  a  mixture  of  benzene  and  methanol  in  the  propcvtion  of  1  :  1,  and 
finally  with  methanol,  these  solvents  being  chained  daily  until  the  refractive  index  of  the  solvents  was  the  same 
as  that  of  the  original  solvents. 


*  Delivered  at  the  analytical  section  of  the  VIII  Mendeleev  Conference  March  21,  1959. 
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Fig.  1.  Aa)  The  increase  in  the  yield 
angle;  v)  no.  of  ml  of  hydrocarbon  in 
50  ml  of  solution. 


Fig.  2.  K)  Angular  coefficient  (slope); 

<p)  volume  fraction  of  medianol;  A)  curve 
for  slopes;  •)  calibration  curve  of  the  in¬ 
terferometer. 


Mixtures  of  methanol  and  water  containing  37.2, 
36.3,  29.4  and  24.6  pcrcentby  volume  of  water  were 
used  as  the  mobile  phase.  The  choice  of  mixtures  with 

such  composition  was  made  on  the  basis  of  a  preliminary  study  of  the  partition  coefficients  of  aromatic  hydro¬ 
carbons  between  the  polymer  and  the  methanol-  water  mixtures  of  varying  composition.  The  partition  coefficients 
were  calculated  as  the  ratio  of  the  solubility  of  the  corresponding  hydrocarbon  in  the  polymer  phase  and  in  the 
binary  solution  phase.  The  solubility  of  the  hydrocarbon  in  the  polymer  was  determined  from  results  on  die  swell¬ 
ing  of  carefully  washed  sheets  with  time,  the  true  value  of  the  swelling  being  found  by  the  usually  accepted 
method  [6],  by  extrapolating  the  curves  for  the  kinetics  of  swelling  to  zero  time.  The  extrapolated  swelling 
values  were  used  for  calculating  the  solubility  of  the  corresponding  hydrocarbon  in  the  polymer  (g/  cm*),  since 
the  specific  volume  of  the  washed  polymer  (equal  to  0.998  cm*/g)  had  been  established.  The  solubility  of  the 
hydrocarbons  in  the  mobile  solvents  was  determined  in  the  usual  way.  Experiments  to  determine  the  solubility 
were  carried  out  in  an  air  thermostat  at  a  temperature  of  23±0.5*. 

The  results  obtained  for  the  solubility  of  the  hydrocarbons  in  both  phases,  as  well  asthe  partition  coefficients 
calculated  by  means  of  these  results  (expressed  in  g/cm*)  are  given  in  Table  1  for  all  the  mobile  solvents  used  in 
the  present  work  for  separating  mixtures  of  aromatic  hydrocarbons. 


TABLE  1 


No. 

Water  content  of 
the  mobile  phase. 

Hydrocarbon 

Solubility  in  the 
mobile  solvent, 
g/cm* 

Solubility  in  the 
stationary  solvent, 
g/  cm* 

K 

Benzene 

0.413 

0.802 

1.94 

1 

37.2 

Toluene 

0.191 

0.723 

3.78 

Toluene 

0.225 

0.723 

3.21 

2 

36.3 

para -Xylene 

0.069 

0.711 

10.30 

3 

29.4 

para -Xylene 

0.301 

0.711 

2.36 

Mesitylene 

0.102 

0.712 

7.00 

Mesitylene 

0.177 

0.712 

4.02 

4 

24.6 

n-Hexane 

0.088 

0.470 

5.60 

It  is  known  tiiat  [1]  the  separation  of  two  materials  by  partition  chromatography  is  more  effective,  the 
greater  the  difference  in  their  partition  coefficients. 

It  is  evident  from  Table  1,  that  the  mobile  solvents  we  have  chosen,  in  the  order  in  which  their  numbers 
increase,  are  fully  suitable  for  separacii^  benzene,  toluene,  p-xylene,  and  mesitylene  from  their  mixtures.  It 
is  also  clear  from  the  Table  that  solvent  No.  4  can  be  used  for  separating  mesitylene  from  n-hexane. 

Construction  of  die  yield  (elution)  curve  is  bound  up  with  the  analysis  of  a  three-component  system: 
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TABLE  2 


Hydrocarbon 

! 

^calculated  |  Experimental 

Benzene 

0.8 

2.1 

1.9 

T  oluene 

0.49 

3.9 

3.5 

p- Xylene 

0.39 

5.5 

- 

Mesitylene 

0.34 

6.4 

— 

Fig.  3.  No.  of  ml  Of  hydro¬ 
carbon;  V)  no.  of  ml  of  mobile 
solvent. 


methanol— water— hydrocarbon.  The  followii^  technique 
was  developed  for  analyzing  ternary  systems. 

Usii^  a  IRF-23  refractometer, calibration  curves 
were  contructed  relating  increase  in  refractive  index 
with  hydrocarbon  concentration  for  a  number  of  ternary 
mixtures  with  a  fixed  amount  of  alcohol  by  volume. 

These  curves  (Fig.  1)  for  die  system  methanol-water- 
-  toluene  are  straight  lines  issuing  from  the  origin,  the 
slope  of  the  lines  beii^  dependent  on  the  parts  by  volume 
of  alcohol  in  the  ternary  system.  Calibration  curves  were 
were  also  constructed  in  which  the  slope  of  the  straight 
lines  was  plotted  against  the  parts  by  volume  of  alcohol. 
The  latter  were  measured  on  a  Zeiss  liquid  interfero¬ 
meter  usii^  a  calibration  curve  constructed  beforehand 
of  refractive  index  against  the  parts  by  volume  of  methanol 
in  twice- distilled  water  saturated  with  the  corresponding 
hydrocarbon.  All  the  calibration  curves  (Fig.  2)  were 
constructed  for  a  temperature  of  22±0.5*.  • 


The  number  of  ml  of  test  hydrocarbon  in  the 

collector  was  determined  as  follows:  1  ml  of  the  test  solution  was  transferred  to  a  200  ml  standard  flask  and  made 
up  to  the  mark  with  twice- distilled  water.  Three  ml  of  the  solution  obtained  and  1-2  drops  of  the  hydrocarbon 
were  placed  in  the  interferometer  chamber,  and,  after  shaking  in  order  to  obtain  constant  readii^s,  the  readings 
of  the  interferometer  were  taken.  Using  the  calibration  curves  (see  Fig.  2)  the  parts  by  volume  of  alcohol  in  the 
test  solution  was  determined,  as  well  as  die  slope  of  the  curve  relatir^  refractive  index  to  hydrocarbon  concentra¬ 
tion  for  the  solution  whose  content  of  alcohol  in  parts  by  volume  has  been  found;  the  refractive  index  of  the  test 
solution  was  also  measured.  The  number  of  ml  of  hydrocarbon  in  50  ml  of  the  test  solution  was  calculated  by 
means  of  the  formula* •  V  =  ^/K  where  Aa  is  the  increase  in  the  yield  ai^le  with  respect  to  the  binary  mixture 
with  the  same  content  of  alcohol  in  parts  by  volume,  as  is  contained  in  the  test  solution,  while  K  is  the  slope  of 
the  curve.  Since,  in  fact,  the  volume  of  the  solution  was  always  less  than  50  ml,  the  result  obtained  was  correspond¬ 
ingly  decreased,  and  this  led  to  a  decrease  in  die  experimental  error. 


The  chromatographic  experiments  were  carried  out  in  a  column  1.60  cm  in  diameter,  the  height  of  the  sta¬ 
tionary  phase  being  26.4  cm.  Since  the  specific  gravity  of  the  polymer  was  1.002  g/  cm*,  the  cross  sections  of  the 
stationary  and  mobile  solvents  were  0.72  and  1.29  cm?,  respectively.  Before  introducing  the  test  mixture,  part  of 
the  mobile  solvent  was  let  out  of  the  column  and  the  test  mixture  introduced  directly  into  the  upper  part  of  the 
stationary  phase.  After  allowit^  to  soak  in  for  1-2  hours,  the  mobile  solvent  was  passed  throi^h  the  column  at  the 
rate  of  0.2  ml/  min.  The  volumes  of  the  collectors  range  from  5  to  25  ml. 


In  Fig.  3  are  shown  typical  elution  curves  for  one  of  the  experiments  in  which  a  mixture  consistii^  of 
0.100  ml  of  benzene,  0.150  ml  of  toluene,  0.200  ml  of  p-xylene,  and  0.100  ml  of  mesitylene  was  separated. 

The  amounts  of  these  hydrocarbons  actually  found  were  0.105  ml,  0.155  ml,  0.210  ml,  and  0.100  ml, respectively. 


•The  numbers  of  the  stra^ht  lines  in  Fig.  2  denote  the  parts  by  volume  of  methanol  in  the  original  binary  solution. 
••  The  calibration  curves  relating  refractive  index  to  concentration  were  constructed  for  50  ml  of  solution. 
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The  average  experimental  error  does  not  exceed  9^. 

It  is  clear  from  Fig.  3.  that  the  partition  coefficients  of  die  hydrocarbons  differ  so  much  for  the  mobile  sol¬ 
vents  chosen  that  separation  of  the  hydrocarbons  can  be  accomplished  without  any  danger  of  obtaining  mixed  zones. 

Table  2  contains  the  values  for  the  mobility  of  the  hydrocarbons,  and  also  the  partition  coefficients  calculated 
by  means  of  diem  for  benzene  and  tolune.  The  latter  coincide  satisfactorily  with  the  experimentally  determined 
values  of  the  partition  coefficient  for  benzene  and  toluene,  since  the  compositions  of  the  mobile  solvents  were 
similar  for  these  hydrocarbons.  As  for  p-xylene  and  mesitylene,  the  zone  of  die  first  is  displaced  by  three,  and 
the  zone  of  the  second  is  displaced  by  the  four  mobile  solvents.  Accordingly,  a  similar  comparison  is  impossible 
for  p-xylene  and  mesitylene. 

The  use  of  high  polymers  as  the  stationary  phase  allows  one  to  obtain  much  greater  ratios  of  the  cross  sections 
of  the  stationary  to  the  mobile  phase,  as  compared  with  the  ratios  of  these  cross  sections  when  silica  gel  and  other 
carriers  are  used  as  the  carrier;  this  is  of  essential  importance  for  increasing  the  efficiency  of  separation.  Thus,  in 
the  worit  of  Martin  and  Synge  on  the  separation  of  amino  acids  [7]  this  ratio  was  0.35,  while  in  the  work  described 
here  it  is  0.56,  so  that  it  is  possible  to  get  much  more  favcxrable  phase  cross  sections  without  any  difficulty. 

Polymerization,  and,  in  particular,  copolymerization  opens  up  wide  possibilities  for  controllii^  the  pro¬ 
perties  of  stationary  phases.  Accordii^ly,  depending  on  the  conditions  of  the  problem,  a  polymer  or  copolymer  can 
can  be  chosen  which  will  ensure  optimum  values  for  the  partition  coefficients  of  the  test  materials.  The  variant 
suggested,  presumably,  may  be  of  special  interest  for  the  analysis  of  petroleum  distillate  hydrocarbons. 

SUMMARY 

A  new  variant  of  the  chromatographic  method  has  been  developed  in  which  the  stationary  phase  is  used 
without  a  carrier;  it  is  based  on  partitioning  of  the  components  to  be  separated  between  a  stationary  high  mole¬ 
cular  weight  phase  and  a  low  molecular  weight  phase. 

It  has  been  shown  that  by  using  unfilled  SKB  vulcanizate  containing  of  sulfur  as  the  stationary  phase, 
and  methanol— water  mixtures  as  the  mobile  phase,  it  is  possible  to  get  a  clear ~cut  separation  of  a  mixture  of 
aromatic  hydrocarbons,  and  also  to  separate  aromatic  hydrocarbons  from  aliphatic  hydrocarbons. 
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Isopropanol  is  not  used  very  much  in  int^ganic  chromatography  although  satisfactory  results  have  been  ob¬ 
tained  on  using  it  for  the  separation  of  a  number  of  elements  [1-4]. 

A  systematic  study  of  chaises  in  Rp  values  with  HCl  concentration  has  enabled  us  to  make  some  general 
conclusions  regarding  the  possibility  of  using  the  Rp  values  for  various  separations  in  practice.  The  conclusions 
which  we  have  formulated  ate  in  fairly  good  agreement  with  the  results  of  G.  de  Carvalho  [5]  for  the  eluant 
butanol-hydrochloric  acid. 


EXPERIMENTAL 

Ascending  chromatography  on  Whatman  paper  No.  1  was  used.  Ten  mixtures  of  eluant  were  prepared  for 
each  series  of  experiments;  they  were:  250  ml  of  isofvopanol  and  250  ml  of  HCl  1  N,  2  N,  4  N,  5.5  N,  6  N, 

7  N,  8  N,  9  N,  10  N,  and  12  N.  These  mixtures  were  kept  overnight  in  the  chromatographic  tanks  in  order  to 
saturate  the  air  in  the  latter. 


TABLE  1 


Developer 

Ions 

Developer 

Ions 

Sodium  cobaltinitrite 

K,  Rb,Cs 

Ammonium  sulfide 

Pb,  Bi 

Zinc  uranyl  acetate 

Na,  Li. 

Potassium  iodide 

T1 

Ammoniacal  solution  of 

Nessler's  reagent 

nh/ 

8-hydtoxyquinoline 

Sc,  Y,  La,  Th,  Sn 

Didiizone 

Zn,  As,  Sb 

Alizarin  S 

Be,  Mg,  Ca,  In,  Al,  Zr 

Chugaev's  reagent 

Ni 

Sodium  rhodizonate 

Sr,  Ba 

Diphenylcarbazone 

Cd,  Hg,  Cc 

Ammonium  thiocyanate 

Potassium  ferrocyanide 

Cu,U,F 

followed  by  SnCl^ 

Mo,  W 

Tin  chloride 

Sc,  Te 

A  drop  of  solution  to  give  a  spot  0.6  cm  in  diameter  was  placed  by  means  of  capillary  pipet  at  a  distance 
of  1  cm  from  the  lower  edge  of  the  chromatographic  paper  24  x  1.5  cm.  In  most  cases  0.1  N  solutions  of  the 
chlorides  in  HCl  were  used. 

A  large  number  of  elements  were  chromatographed  by  the  method  indicated.  After  drying  for  30  minutes 
in  air  the  paper  was  placed  in  the  tank  containing  eluant  of  die  concentrations  indicated  above  and  kept  there  for 
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TABLE  2 


HCl  N  j 
Ions  1 

! 

1 

2 

1 

5.5 

i 

®  ! 

7 

8 

9 

10 

12 

NH^ 

0,10 

0,12 

0,27 

0,52 

0,49 

0,49 

0,48 

0,47 

0,46 

0,42 

Li+ 

0,10 

0,13 

0,27 

0,52 

0,50 

0,48 

0,47 

0,46 

0,45 

0,42 

Na+ 

0,06 

0,08 

0,27 

0,41 

0,40 

0,39 

0,37 

0,34 

0,27 

0,;2 

K+ 

0,03 

0,04 

0,18 

0,36 

0,36 

0,34 

0,33 

0,30 

0,23 

0,17 

Rb*^ 

0,04 

0  05 

0,21 

0,43 

0,40 

0,40 

0,40 

0,35 

0,33 

0,27 

Cs+ 

0,04 

0,05 

0,24 

0,48 

0,46 

0,46 

0,45 

0,37 

0,39 

0,38 

Cu*^ 

0,10 

0,12 

0,30 

0,46 

0,51 

0,55 

0,58 

0,58 

0,58 

0,57 

Ag+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Be*^ 

0,14 

0,20 

0,46 

0,64 

0,64 

0,65 

0,66 

0,68 

0,70 

0,72 

Mg»* 

0,05 

0,15 

0,30 

0,53 

0,53 

0,55 

0,56 

0,55 

0,55 

0,44 

Ca»+ 

0,02 

0,14 

0,28 

0,43 

0,43 

0,47 

0,48 

0,47 

0,47 

0,45 

Sr*+ 

0,02 

0,12 

0,25 

0,37 

0,37 

0,41 

0,46 

0,34 

0,34 

0,34 

Ba*+ 

0 

0,11 

0,19 

0,27 

0,27 

0,30 

0,33 

0,23 

0,23 

0,22 

0,58 

0,78 

0,95 

1,00 

1,00 

0,93 

0,89 

0,84 

0,81 

0,76 

Cd»+ 

0,50 

0,70 

0,91 

1,00 

1,00 

0,97 

0,96 

0,95 

0,90 

0,80 

Hg»+ 

0,80 

0,85 

1,00 

1,00 

1,00 

1,00 

1,00 

0,98 

0,91 

0,86 

AP+ 

0 

0,02 

0,20 

0,42 

0,40 

0,38 

0,37 

0,35 

0,34 

0,26 

In''+ 

0,24 

0,28 

0,73 

0,77 

0,76 

0,68 

0,55 

0,50 

0,47 

0,46 

Tisf 

0,82 

0,99 

1,00 

1,00 

1,00 

0,99 

0,99 

0,99 

0,98 

0,96 

Sc'' 

0 

0,02 

0,16 

_ 

0,29 

— 

0,28 

— 

0,27 

0,20 

Y»+ 

0 

0 

0,16 

_ 

0,27 

— 

0,26 

— 

0,25 

0,18 

La’^ 

0 

0 

0,15 

— 

0,27 

— 

0,26 

— 

0,26 

0,17 

Tiiv 

0,04 

0,08 

0,28 

_ 

0,45 

— 

0,42 

— 

0,40 

0,42 

Zr*''’ 

0 

0 

0,10 

0,26 

0,24 

0,23 

0,23 

0,20 

0,16 

0,12 

Th*+ 

0 

0 

0,16 

0,38 

0,35 

0,20 

0,19 

0,18 

0,16 

0,12 

Ge'V 

0,25 

0,32 

0,60 

0,85 

0,85 

0,89 

0,95 

0,97 

0,97 

0,99 

Sn*'^ 

0,67 

0,79 

0,95 

0,95 

0,97 

0,97 

0,97 

0,97 

0,96 

0,95 

Pb*'' 

0,11 

0,17 

0,39 

0,58 

0,55 

0,54 

0,52 

0,49 

0,46 

0,37 

As»' 

0,40 

0,48 

0,56 

_ 

0,68 

— 

0,89 

— 

0,84 

0,77 

As'^ 

0,40 

0,49 

0,59 

0,68 

0,70 

0,84 

0,97 

0,96 

0,95 

0,83 

SbV 

0,60 

0,70 

0,90 

1,00 

1,00 

1,00 

0,91 

0,88 

0,83 

0,74 

Bi'^ 

0,32 

0,40 

0,60 

0,83 

0,81 

0,76 

0,72 

0,65 

0,63 

0,58 

Cr'^> 

0,30 

0,38 

0,56 

0,77 

0,75 

— 

0,72 

— 

0,59 

0,58 

Mo''« 

0,14 

0,20 

0,37 

— 

0,59 

— 

0,51 

— 

0,56 

0,58 

WVI 

0 

0 

0 

— 

0 

— 

0 

— 

0 

0 

yVI 

0 

0 

0,30 

0,52 

0,49 

0,46 

0,46 

0,46 

0,46 

0,43 

Se'^' 

0,59 

0,68 

0,83 

0,83 

0,83 

0,88 

0,95 

0,96 

0,97 

0,99 

Te'^' 

0,63 

0,78 

0,89 

0,93 

0,93 

0,93 

0,93 

0,95 

0,96 

0,98 

Fe>+ 

0,11 

0,18 

0,32 

_ 

0,54 

— 

0,79 

_ 

0,95 

1,00 

Fe‘'+ 

0,45 

0,63 

0,80 

0,91 

0,94 

0,96 

0,97 

0,98 

1,00 

1,00 

Ni*+ 

0 

0,03 

0,20 

0,42 

0,40 

0,38 

0,37 

0,36 

0,42 

0,63 

Co*+ 

0 

0,03 

0,22 

0,40 

0,39 

0,38 

0,38 

0,35 

‘0,29 

0,25 

TABLE  3  TABLE  4 


HCl  concentration 
of  the  eluant,  N 

Ferric  chloride  content  in  2  ml,  g 

Aqueous  phase 

Alcoholic  phase 

2 

0.49 

0.24 

4 

0.60 

0.25 

5.5 

0.65 

0.36 

6 

1.04 

0.58 

8 

1.33 

HCl  concentra¬ 
tion  in  the 
eluant,  N 

Solubility  of 
NaCl  per  ml 

Solubility  of 
AICI3  per  ml 

1 

0.53 

— 

2 

0.18 

0.33 

4 

0.046 

0.32 

5.5 

0.030 

0.31 

6 

0.020 

0.31 

8 

0.016 

0.30 
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Fig.  4 


12  hours  until  the  solvent  front  had  advanced  23  cm.  The  paper  was  then  dried  again  and  the  spots  developed  with 
the  appropriate  reagents  (Table  1).  The  temperature  was  kept  constant  at  22.5i0.5*  durii^  die  runs. 

The  distance  from  the  center  of  the  developed  spot  to  the  starting  line  was  measured  in  ccder  to  determine 
the  Rp  value. 

From  an  examination  of  the  Rp  values  as  a  function  of  the  hydrochloric  acid  concentration,  it  follows  that 
for  all  the  ions  tested,  as  in  the  analogous  studies  of  Carvalho  [5]  with  butanol— hydrochloric  acid,  the  maximum 
Rp  values  are  obtained  for  the  majority  of  the  elements  at  a  concentration  of  about  5.5  N  (Table  2). 

The  behavior  of  the  various  ions  is  determined  by  the  increase  in  solubility  of  the  simple  chlorides  and  the 
chloro  complexes  formed.  This  occurs, for  example, in  the  case  of  Cu,  Fe,  and  Mo  ions  few  which  there  is  observed 
an  increase  in  the  Rp  value  along  the  whole  concentration  range  of  HCl  used.  As  Lederer  [6]  has  pointed  out,  the 
Rp  values  increase  with  increasing  formation  of  chloro  complexes  which  are  ionized  to  a  lesser  extent  and  are 
meve  soluble  in  organic  solvents.  In  order  to  confirm  this  assumption  we  prepared  saturated  solutions  of  FeCls 
(about  12  g)  in  25  ml  flasks  for  a  series  of  mixtures  of  isofsopanol  and  2  N,  4  N,  5.5  N,  6  N,  and  8  N  HCl;  diey 
were  prepared  at  a  temperature  of  25*  which  was  kept  constant  by  means  of  a  thermostat.  Two  ml  of  the  clear 
saturated  solution  was  taken  from  each  flask  and  transferred  to  tared  beakers  and  the  solutions  evaporated  to  dry¬ 
ness  under  vacuum.  By  weighing  the  beakers  with  the  residues  we  obtained  the  results  given  in  Table  3.  We  should 
point  out  that  during  the  preparation  of  the  samrated  solutions  of  FeCls,  formation  of  two  phases  was  observed; 
mcMreover,  on  the  chromatograms  for  Fe^  double  spots  were  obtained,  probably  as  a  result  of  partial  reduction  of 
Fe**"  to  Fe*"*"  on  die  paper. 

The  solubility  of  copper  salts  also  increases  with  increasing  hydrochloric  acid  concentration. 

An  increase  in  the  Rp  values  with  increasing  HCl  concentration  was  also  observed  for  Be,  Ge,  Se,  and  Te, 
there  beit^  a  tendency  to  the  formation  of  a  plateau  at  a  concentration  of  about  5.5  N.  Similar  results  have  been 
obtained  by  Kertes  [7]  for  complex  chloroacetonates,  and  by  Lederer  [8]  for  complex  chlorides  when  acetone— HCl 
was  used  as  the  eluant.  A  linear  relation  between  the  Rp  value  and  the  negative  logarithm  of  the  concentration 
of  the  bound  acid  was  also  observed  in  our  case.  It  should  be  noted  that  when  the  cations  form  complexes  with 
similar  chemical  properties  almost  parallel  straight  lines  are  obtained.  This  is  true  for  example  fw  Ca,  Sr,  Ba 
(Fig.  1),  Zn,  Cd  (Fig.  2),  Se,  Te  (Fig.  3),  and  Pb,  Sn  (Fig.  4). 

The  solubility  of  the  alkali  metal  chlorides  precludes  obtaining  maximum  Rp  values  at  a  concentration  of 
5.5  N,  since  their  solubility  decreases  with  acid  concentration;  the  alkali  metals  are  present  in  a  hydrated  state 
and  are  not  capable  of  fcarming  soluble  complex  chlorides  (Table  4). 

This  lack  of  correspondence  between  the  Rp  values  and  solubility,  of  course,  is  fully  possible  for  other  ele¬ 
ments  as  well  which  have  maximum  Rp  values  at  a  concentration  of  5.5  N.  Aluminum  chloride  (Table  4)  is  an 
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example  of  tfiis.  In  the  latter  Instance  the  change  In  solubility  is,  apparently,  connected  both  v^ith  the  forma¬ 
tion,  starting  at  a  certain  HCl  concentration,  of  ionized  complex  compounds,  and  tvith  the  extent  to  which  die 
corresponding  cation  is  hydrated  at  low  acid  concentrations. 

The  results  of  the  work  described  here  (Table  2)  show  that  it  is  possible  to  separate  a  number  of  elements. 

It  is  possible  to  separate  a  number  of  elements.  It  is  possible  to  separate  Na  from  K  at  a  concentration  of  4  N 
HCl  (ARp  =  0.09)  by  descending  chromatography.  Rb  and  Cs  ions  will  also  be  separated  well  at  12  N  HCl. 

The  elements  of  die  second  main  group  are  separated  very  well  at  10  H  HCl.  Separation  of  Zn  and  Cd  can 
be  effected  at  9  N  HCl,  while  Hg  can  be  separated  from  ^h^se  other  two  elements  at  low  acid  concentrations. 

T1  is  separated  very  well  from  A1  and  In  at  a  concentration  of  5.5  N  HCl;  however,  using  the  eluant  we  have 
chosen  Sc  could  not  be  separated  from  Y  and  La  whichever  HCl  concentration  was  used.  Separation  of  Be  and  Al, 
which  is  of  great  practical  interest,  can  be  carried  out  at  10  N  HCl,  and  Ca  and  Cl  at  12  N  HCl.  Separation  of  Zn 
and  Th  is  possible  at  6  N  HCl  (ARp  =  0.11).  The  Rp  values  for  Ge  and  Sn  are  different  for  all  HCl  concentrations. 
Tri-  and  quinquevalent  arsenic  are  separated  at  10  N  HCl.  It  is  of  interest  to  note  diat  U  can  be  readily  separated 
from  die  remaining  elements  of  the  sixth  group,  although  it  behaves  identically  to  Th  in  concentrations  up  to  4  N 
HCl;  however,  at  higher  HCl  concentrations  the  difference  between  the  Rp  values  increases  significantly;  U,  Th, 
and  Zr  are  best  separated  at  5.5  N  HCl. 

Ni  and  Co  ions  are  readily  separated  at  10  N  HCl. 

It  should  be  observed  that  in  absorption  chromatography,  separation  on  the  basis  of  the  formation  of  com¬ 
plexes  is  particularly  successful.  The  results  of  the  work  by  Gurvich  and  Gapon  [9]  and  Shemyakin  and  Mishche- 
lovskii  flO]  are  very  illuminating  in  this  respect. 


SUMMARY 

A  study  has  been  made  of  the  relation  between  Rp  values  and  HCl  concentration  in  isopropanol- HCl  mix¬ 
tures  (1  r  1)  used  as  eluant. 

The  results  obtained  generally  agree  with  those  of  G.  de  Carvalho  who  used  butanol- HCl  (1  :  1)  as  eluant. 

There  is  some  ccxrespondence  between  the  solubility  of  the  chlorides  or  chloro  complexes  and  die  Rp  values 
obuined.  It  has  been  shown  that  it  is  possible  to  separate  a  large  number  of  elements. 
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In  previous  articles  [1,  2]  the  expediency  has  been  demonstrated  of  using  an  impulse  excitation  source  for 
increasing  the  precision  of  spectrographic  analysis,  and,  by  means  of  radioactive  isotopes  the  first  information  on 
the  spatial  distribution  of  atoms  in  the  interelectrode  gap  of  tliis  source  was  obtained.  The  present  article  is 
devoted  to  die  continuation  of  these  researches.  The  aim  of  this  work  was  a  more  systematic  study  of  die  most 
important  physical  parameters  of  the  impulse  arc  which  can  affect  the  precision  of  a  determination;  it  was  also 
aimed  at  clarifying  the  reasons  why  the  precision  which  can  be  attained  on  using  this  source  is  greater  than  that 
possible  when  an  ordinary  dc  or  ac  arc  is  used.  The  temperature  of  the  source  was  measured  mtxe  accurately, 
the  current  strei^di  in  the  impulse  was  evaluated,  and  additional  experimental  data  was  obtained  on  the  mechanism 
of  the  passage  of  test  materials  into  the  discharge  zone. 

Determination  of  the  Temperature  of  die  Source 
and  of  the  Current  in  the  Impulse.  The  temperature  of 
die  impulse  source  was  determined  by  means  of  Orn- 
stein's  method  on  the  basis  of  the  Bil  lines.  The  wave¬ 
lengths  of  the  bismuth  lines  used,  as  well  as  the  values 
of  the  higher  energy  levels  and  die  probabilities 
of  the  corresponding  transitions  (Pik)  necessary  for 
calculating  the  temperature  are  given in[3]. 

For  comparison,  the  temperature  of  an  ordinary 
dc  arc  was  measured  at  the  same  time  as  that  of  the  im¬ 
pulse  source,  using  the  same  lines.  Zinc  oxide  was  used 
as  the  filler  in  both  cases.  The  temperature  of  a  dc 
arc  with  this  filler  has  L^en  measured  several  times 
already,  and  this  faciliutcd  comparison  of  our  measure¬ 
ments  with  published  figures  [3,  4].  Bismuth  was  in¬ 
troduced  into  the  arc  anode  in  the  form  of  a  mixture 
of  ZnO  and  BijOs,  the  amount  of  the  latter  being  0.3^, 
at  this  level  according  to  the  results  in  [3]  one  does  not 
have  to  take  into  account  the  effect  of  reabsorption  on 
the  results  of  the  determination  of  temperature.  The  relative  intensity  of  the  lines  was  measured  by  the  usual 
method.  In  Fig.  1  are  given  the  results  of  one  series  of  experiments  on  the  measurement  of  the  temperature  of 
an  impulse  arc  and  of  a  dc  arc.  The  energies  of  the  upper  levels  of  the  corresponding  Bi  lines  in  cm~^  are  plotted 


Fig.  1.  Determination  of  the  temper¬ 
ature  of  the  source  by  Ornstein's 
method.  1)  Impulse  arc;  2)  dcarc. 
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I  \  i  f  \  Fig.  4.  Chaise  in  the  intensity  of 

t  iv  ^  I  \  excited  neutral  atoms 

I  V  ^  /  \1  various  elements  along  the  inter  - 

i  ^  electrode  gap  in  two  sources:  1)  For 

^  ^  arsenic,  iron,  and  aluminum  in  a  dc 

impulse  arc  and  2)  for  arsenic,  3)  for 
Fig.  3.  The  change  in  intensity  of  the  lines  Znl  3075  iron,  4)  for  aluminum  in  a  dc  arc.re- 

and  Znll  2557.9  along  (a  and  b, respectively)  and  spectively. 

across  (c  and  d,  respectively)  the  interelectrode 
gap  of  an  impulse  arc  (1)  and  a  dc  arc  (2). 

along  the  abscissa  as  usual,  while  the  values  of  1/ 0.625  log  l/  P  corresponding  to  them  are  plotted  along  the 
ordinate.  The  temperature  of  the  plasma  was  calculated  from  the  slope  of  the  straight  line  constructed  within 
these  coordinates.  This  temperature  proved  to  be  8700"K  for  an  impulse  arc  and  6200'’K*  for  a  dc  arc.  The  latter 
value  coincides  in  accuracy  with  data  obtained  earlier  in  the  work  of  Ornstein,  Brinkman,  and  Sobolev,  The  higher  tem¬ 
perature  of  the  impulse  arc  is  obviously  connected  [5,  6]  with  the  higher  current  density  in  this  source  as  compared 
with  the  ordinary  arc.  In  order  to  evaluate  the  current  strength  in  the  impulse  we  made  use  of  the  simplest  variant 
of  an  oscillographic  scheme  [7,  8]  with  a  slave  sweep,  the  advantage  of  which  is  that  it  starts  synchronously  each 
time  with  the  beginning  of  the  phenomenon  being  studied,  and  is  independent  of  the  periodicity  of  the  process  be¬ 
ing  studied.  Using  a  slave  sweep  as  shown  earlier[7]it  is  possible  to  photograph  the  oscillogram  with  the  requisite 
exposure,  since  the  process  under  investigation  is  repeated  with  great  accuracy  on  the  oscillograph  screen.  In 

•These  temperatures  which  are  determined  on  the  basis  of  the  comparatively  readily  excited  Bil  lines,  charac¬ 
terize,  presumably,  the  temperature  of  the  peripheral  region  of  the  gas  cloud  of  the  source.  We  did  not  examine 
the  problem  of  the  temperature  of  the  central  region  of  the  plasma,  in  which  (for  example,  in  the  spark),  accord¬ 
ing  to  results  obtained  in  recent  years  [10],  higher  temperatures  can  be  observed. 
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Fi^.  5.  Change  in  the  intensity  of 
the  line  Nal  5895.9  along  die  inter- 
electiode  gap  of  various  sources. 

1)  ac  impulse  arc;  2)  dc  impulse 
arc;  3)  dc  arc. 


order  to  obtain  oscillograms  of  die  current  in  an  im¬ 
pulse  source,  a  copper  rod  \«as  set  up  at  a  distance  of 
several  centimeters  from  the  interelectrode  gap,  by 
means  of  this  rod  an  induced  impulse  was  fed  to  the 
input  of  a  EO-53  oscillograph.  The  latter  was  provided 
with  an  amplifier  with  a  frequency  transmission  band 
coverii^  2  to  10  Me/ sec  and  a  marking  generator  with  a 
period  of  Ip  sec.  The  fairly  stable  picture  of  die  im¬ 
pulse  obtained  on  die  screen  was  photographed  by  means 
of  *Zenith*  photographic  apparatus  using  a  "fluoro¬ 
graphic"  plate  with  a  sensitivity  of  900  GOST  units. 

One  of  the  oscillograms  obtained  in  this  way  is  shown 
in  Fig.  2.  By  means  of  the  markii^  generator  and  the 
oscillogram  it  was  possible  to  determine  the  duration 
of  an  impulse  and  to  calculate  the  induction  of  die 
oscillatit^  circuit  and  the  input  wires.  The  first  of 
these  was  found  to  be  1.4  •  10 sec,  while  die  second 


Fig.  6.  Change  in  blackening  difference  (Sune~Sbackground) 
foe  lines  of  the  elements  with  time,  durii^  their  evaporation 
from  a  crater  in  the  carbon  electrode  in  an  impulse  arc  (1)  and 
in  a  dc  arc  (2).  a)  For  silicon;  b)  for  titanium;  c)  for  aluminum; 
d)  for  iron.  The  relative  position  of  curves  (1)  and  (2)  on  die 
diagrams  is  arbitrary. 

was  0.44  *  10~^.  Knowing  these  values  and  taking  into  account  the  number  of  discharges  of  the  condenser  in  the 
half  period  of  the  current  (five  discharges),  it  is  possible  by  means  of  the  formula  Imax  ~  Vmax^^/^  to  obtain 
an  approximate  value  for  the  maximum  current  in  die  impulse.  In  our  case  this  proved  to  be  540  amp,  which 
is  in  reasonably  good  agreement  with  theoretical  evaluations  we  had  canied  out  earlier  of  this  value  [6].  It  should 
be  noted  that  die  current  strength  we  have  determined,  and  the  source  temperature  corresponding  to  it,  are  maxi¬ 
mum  values,  since  a  further  increase  in  current  strei^th  leads  to  an  appreciable  extension  of  the  plasma,  and, 
accordingly  to  a  decrease  in  current  density  [5]. 
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Fig.  7.  Schematic  diagram  of  die  experi¬ 
ments  used  in  studying  the  effect  of  the 
spark  jet  on  the  spatial  distribution  of  ex¬ 
cited  zinc  atoms  and  ions. 


Fig.  8.  Change  in  intensity  of  the  lines  Znl  3075  and 
Znll  2557.9  along  the  interelectrode  gap  of  an  im¬ 
pulse  source,  on  reflecting  onto  the  slit  of  the  spectro¬ 
graph  the  radiation  from  die  channel  of  a  dc  arc  in 
the  absence  (1)  and  in  the  presence  of  (2)  a  spark  jet. 


Spectrographic  Investigation  of  the  Mechanism  of  the  Passage  of  Materials  into  the  Inter  electrode  Gap  of  an 
Impulse  Arc  and  the  Spatial  Distribution  of  Atoms  and  Ions  in  this  Arc.  It  is  known  [1]  that  the  use  of  an  impulse 
arc  significantly  enhances  the  precision  of  the  spectrographic  determination  of  the  main  components  of  silicates. 

On  the  basis  of  the  results  of  some  special  investigations  we  have  carried  out  f2]  on  the  spatial  distribution  of 
atoms  and  ions  in  this  source  it  was  possible  to  assume  that  this  is  connected  with  some  characteristic  features  of 
the  mechanism  of  the  passage  of  materials  into  the  interelectrode  arc  gap,  in  which,  in  addition  to  the  ordinary 
fractional  evaporation  of  the  elements,  there  also  occurs  a  periodic  "injection"  into  this  space  of  die  molten  mass 
of  test  sample;  at  the  same  time  the  excited  atoms  and  ions  are  distributed  much  more  uniformly  in  the  impulse 
source  than  in  the  ordinary  dc  arc.  The  correctness  of  these  assumptions,  and  the  preliminary  conclusions,  however, 
required  further  experimental  verification.  Some  of  the  results  obtained  by  us  recently  in  experiments  on  the 
study  of  the  spatial  distribution  of  various  elements  in  a  dc  arc  and  in  ac  and  dc  impulse  arcs  are  shown  in  Figs. 

3,  4,  5.  As  is  evident,  the  distribution  of  excited  atoms  and  ions  in  the  plasma  of  an  impulse  arc  does  in  fact 
differ  in  its  significant  uniformity,  and,  in  contrast  to  what  happens  in  the  case  of  a  dc  arc,  the  intensity  (I)  in 
most  cases  is  independent  of  the  ionization  potential  of  the  element.  The  only  exceptions  are  elements  with  low 
ionization  potentials;  in  such  cases  uniform  distribution  can  only  be  achieved  by  using  an  ac  impulse  arc. 

The  mechanism  of  the  passage  of  test  material  into  the  plasma  of  an  impulse  arc  was  studied  in  two  series 
of  independent  experiments.  In  the  first  group  of  experiments  a  comparison  was  made  of  the  curves  for  the  change 
in  blackening  of  like  lines  of  a  number  of  elements  during  their  evaporation  from  the  crater  in  the  carbon  elec¬ 
trode  of  two  sources.  Some  of  the  results  are  presented  graphically  in  Fig.  6.  As  is  evident,  on  all  the  curves 
characterizing  die  conditions  for  the  passage  of  the  elements  into  die  plasma  of  an  impulse  source,  there  is  ob¬ 
served  an  additional  maximum  to  that  observed  on  the  corresponding  curves  for  a  dc  arc:  this  maximum  appertains 
to  the  initial  period  of  arc  burning  and  its  position  is  almost  independent  of  die  volatility  of  the  test  element  and 
changes  in  the  composition  of  the  base.  We  checked  this  latter  fact  experimentally  taking  as  examples  the  evapora¬ 
tion  of  a  number  of  elements  from  silicate  and  carbonate  rocks.  It  seems  quite  justifiable  to  explain  the  occurrence 
of  the  additional  maximum  on  die  curves  of  Fig.  6  by  the  "injection"  mechanism  suggested  earlier  [2]  according 
to  which  part  of  the  molten  rock  is  injected  into  the  interelectrode  gap  of  the  impulse  source.* 

In  the  first  period  .when  the  sample  being  evaporated  is  found  close  to  die  electrode  surface,  this  effect 
shows  up  particularly  clearly.  Subsequently,  as  the  effective  depth  of  the  opening  in  the  electrode  increases,  as 
a  result  of  differences  in  the  rates  of  evaporation  of  test  sample  and  burning  of  the  carbon  electrode,  the  part 
played  by  fractional  distillation  increases. 

Conclusions  as  to  the  essential  change  which  occurs  in  the  mechanism  of  the  passage  of  test  material  into 
the  plasma  of  the  source  on  switching  over  from  a  dc  arc  to  an  impulse  arc  can  also  be  made  by  analyzing  the 
results  of  the  second  group  of  experiments,  in  which  an  attempt  was  made  to  study  the  distortion  introduced  into 

•  When  this  series  of  experiments  was  carried  out  it  was  observed  diat  the  influence  of  effects  connected  with  the 
"injection"  of  test  material  into  the  plasma  of  the  source,  increases  even  more  on  switching  over  to  an  ac  im¬ 
pulse  arc. 
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the  picture  of  the  spatial  distribution  of  atoms  and  ions  in  the  plasma  of  a  dc  arc  under  the  Influence  of  a  spark 
jet.  Fch:  separating  the  spark  channel  from  its  jet,  experiments  were  carried  out  using  a  scheme  shown  in  Fig.  7, 
under  conditions  similar  to  those  that  were  first  suggested  for  this  purpose  in  [9].  In  order  to  prevent  the  quartz 
tube  [1]  from  fusing  on  account  of  the  arc  discharge,  it  was  cooled  with  a  weak  cunent  of  air.  The  lower  carbon 
electrode  was  packed  with  ZnO.  The  radiation  of  the  spark  discharge  together  with  the  radiation  from  the  jet 
superimposed  on  it  was  reflected  onto  the  spectrograph  slit.  The  photographs  obtained  of  die  spectra  of  the  gaps 
were  photometrically  measured  with  respect  to  the  arc  and  spark  lines  of  zinc.  The  experimental  results  are  given 
in  Fig.  8,  in  which  they  are  compared  with  curves  illustrating  the  spatial  distribution  of  excited  atoms  and  ions  in 
the  plasma  of  a  dc  arc.  It  is  evident  that  the  presence  of  spark  jet  in  the  dc  arc  basically  modifies  the  shape  of 
the  curves  for  the  spatial  distribution  of  excited  atoms  (and  particularly  ions)  in  the  plasma,  and  always  leads  to 
the  appearance  of  a  radiation  maximum  in  the  region  of  the  interelectrode  gap  near  the  anode.  At  the  same  time, 
it  is  clear  that  in  order  to  give  a  conect  explanation  of  the  reasons  for  the  unif(»m  distribution  of  excited  ?toms 
and  ions  in  the  plasma  of  an  impulse  arc,  it  is  impossible  not  to  take  into  account  the  decisive  influence  exerted 
on  this  distribution  by  processes  which  occur  in  the  spark  channel  of  the  impulse  source. 

SUMMARY 

A  number  of  the  most  important  physical  parameters  of  dc  and  ac  impulse  arcs  has  been  studied.  The  tem¬ 
perature  of  the  arc  was  found  to  be  8700*K,  while  the  maximum  current  strength  was  about  500  amp. 

Analysis  of  new  experimenul  material  confirms  the  correctness  of  a  hypothesis  advanced  by  the  authors 
previously  regarding  the  mechanism  of  the  passage  of  test  material  into  the  plasma  of  an  impulse  arc;  acctxrdir^ 
to  this  hypothesis,  test  material  not  only  passes  into  the  interelectrode  gap  of  the  source  by  fractional  evaporation 
but  also  by  periodic  "injection*  (sprinkling)  of  the  molten  mass  of  the  test  material. 
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Continuing  our  studies  [1-3]  on  the  synthesis  of  new  complexons,  the  work  described  in  the  present  article 
was  devoted  to  examining  the  effect  of  the  nitrogen  of  the  triazine  ring  on  the  capacity  to  form  complex  com¬ 
pounds.  Schwarzenbach  et  al  [4]  have  described  complexons  of  the  type 


(HOOC-CHj)2N-(CHj)„-a-(CH2)„-N-(CH2COOH),, 


where  x  =  O,  S,  and  N;  n  =  2,3. 


The  introduction  of  atoms  which  are  capable  of  coordinating  with  metals  into  the  molecules  of  complexons, 
leads  to  an  increase  in  their  capacity  to  form  complex  compounds,  and,  in  a  number  of  cases,  enhances  the  selecti¬ 
vity  of  the  complexons  for  certain  metal  cations. 

It  was  of  interest  to  study  the  effect  of  heteroatoms  in  cyclic  compounds.  Widi  this  aim  in  view  we  syndie- 
sized  the  following  complexons  containing  the  1,3, 5- triazine  ring 


N  (ClUCOOHls 
I 


I  II 

110— C  C— N  (CH2C00H)2 

(I) 


2-hydroxy -4, 6-dia  mino-1, 3,5- triazine- 
N,N,N',N’-tetracetic  acid 


2,4,6-triamino-l,3,5-triazine- 

NfCHjCOOH).  N,N,N*,N',N",N*-hexacetic  acid 

N  N 
I  II 

( I  iOOC-CI  liJsN-C  C— N  (CHzCOOHji 

(II) 


•Communication  3,  see  Zhur.  Anal.  Khim. ^3,  31  (1958)  [seeC.  B.  translation]. 


Half-wave  Potentials  for  Cations  in  the  Presence  of  2-Hydroxy-4,6-dianuno-l,3.5-triazine-N.N.N*,N'-tetracetic  acid  (I),  2,4,6-Triamino-l,3,5- 
triazine-N.N^*,N*,N*.N”-hexacetic  acid  (II)  and  ni-Phenylenediamine-N.N,N'.N'-tetracetic  acid  (II).  Relative  to  the  Saturated  Calomel  Electrode 
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Complexons  containii^  the  1,3, 5 -ring  were  synthesized  by  condensit^  cyanuric  chloride  with  iminodiacetic 

acid: 

Cl  N  (CHaCOOH).. 

1,  I 

N  N  4- 3HN  (CICCOOH),  -  N  N 

I  II  I  II 

Cl-C  C-Gl  (HOOC  CHjIj-N-C  C-N  (CHjCOOH), 

\n/  X/' 

The  complex-forming  properties  of  the  new  compounds  were  studied  polarographically  by  determining  the 
shift  in  the  half-wave  potentials,  and  calculating  the  instability  constants  of  the  complex  compounds  of  a  number 
of  cations  [5].  From  the  results  given  in  Table  1  it  follows  that  the  complexons  synthesized  form  a  series  of  com¬ 
pounds  with  metal  ions,  among  which  the  most  interesting  are  the  following: 

1)  2-Hydroxy-4,6-diamino-l,3,5-triazine-N,N,N’,N*-tetracetic  acid  forms  compounds  at  pH  2.5  with  the 

following  ions  Pb^ ,  Cu*^ ,  Bi^ ,  Cd*^ ,  Ni*^ ,  Mo^^  and  Ti^^;  at  pH  4.4  in  addition  to  formii^  compounds  with  the 
ions  already  listed  it  also  forms  compounds  with  As^^  and  at  pH  9.35  it  forms  compounds  with  Pb*+,  Cu**‘,Cd*^, 

As^,  Co^ ,  Mo^^;  and  at  pH  12  with  Cu*'*' ,  Cd*"*" ,  Zn*+ ,  Ni*'*'  and  Bi**" . 

2)  2,4,6-Triamino-l,3,5-triazine-NJ4,N*,N*J^",N"-hexacetic  acid  forms  compounds  at  pH  4.4  with  the 

following  ions:  Pb^ ,  Cu*'*’ ,  Mn*^ ,  Ti^^;  at  pH  2.5  in  addition  to  die  ions  listed  it  also  forms  compounds 

with  La^^,  Tl*" ,  ;  at  pH  9.3  it  forms  compounds  with  Pb^ ,  Cu** ,  As^^^,  Mn^ ,  Mo^,  La^;  and  at  pH  12  wltfi 

Cu*^,Cd^,Ni*+,  Mo^. 

In  order  to  clarify  the  effect  of  the  nitrogen  atoms  in  the  heterocycle  on  the  stability  of  the  complexes 
formed,  we  compared  the  properties  of  coihpounds  I  and  II  above,  containing  the  1,3,5-triazine  ring,  between 


N  (CH..C00H)2 


each  other  and  with  m-phenylenediamine-N,NJ4',N*-tetracetic  acid 


-N-(CHiCCX)H)2 


which  was  syndiesized 


for  this  purpose*  and  studied  polarographically  (see  Table  1). 


TABLE  2 

Reciprocal  Logaridims  of  the  Apparent 
Instability  Constants  of  the  Compounds 
fcffmed  between  Cations  and  I,  II,  and 
m  at  pH  2.5. 


Cations 

1 

II 

III 

Pb2+ 

4,75 

5,08 

3,03 

Cu*+ 

3,78 

4,07 

3,30 

8,7 

7.1 

3,4 

La"‘ 

5,08 

5,5G 

3,03 

Ti'V 

3,89 

4,22 

— 

In  order  to  get  fuller  characteristics  for  the 
complexons  examined,  die  instability  constants  of  their 
complexes  with  certain  metals  were  determined  polaro¬ 
graphically  (Table  2). 

The  shifts  in  the  half-wave  potentials  of  the 
complex  compounds  formed  between  die  ions  and  I 
and  II  were  greater  in  all  cases  than  the  shift  obtained 
with  complex  compounds  formed  with  HI.  Moreover, 
it  should  be  noted  that  in  the  case  of  compound  I  diere 
is  an  increased  tendency  to  the  formation  of  more  stable 
complexes  as  compared  widi  compound  II. 

A  characteristic  feature  of  I  and  II  is  the  presence 
of  the  same  group  which  is  capable  of  forming  com¬ 
plexes  with  metal  cations 


(HOOC- CH2)2N-C-N=C-N(CH2C00H)2. 
II  I 


It  is  natural  to  assume  that  the  nitrogen  of  the  triazine  ring  participates  in  complex  formation.  The  diift 


*  m-Phenylenediaminetetracetic  acid  was  synthesized  by  a  method  described  in  [6]. 
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In  the  half-wave  potentials  in  this  case  should  be  similar  fdr  these  two  compounds  and  should  be  greater  than  the 
shift  in  the  half-wave  potential  for  m-phenylenediamine-N,N,N*J^*-tetracetate,  (HOOC  CH;)2N — C— C— CN(C*H:COOH)2. 


i  II 

The  results  obuined  are  in  agreement  with  this  assumption. 

The  enhanced  tendency'to  form  compounds  exhibited  by  2,4,6-triamino-l,3,5-triazine-N,N,N’,N',N"J4*- 
hexacetic  acid  is  probably  accounted  for  by  the  presence  of  a  symmetrical  molecule  (three  iminodiacetic  acid 
groups). 


EXPERIMENTAL 

Synthesis  of  2-Hydroxy-4,6-diamino-l,3,5-triazine-NJ4,N*.N*,-tettacetic  Acid«  To  a  suspension  of  9.2  g 
of  cyanurlc  chloride  in  20  ml  of  water,  cooled  to  0*,  is  added  with  careful  mixing  half  of  the  neutralized  solution 
of  iminodiacetic  acid  (7.5  g  of  iminodiacetic  acid  in  17  ml  of  5  N  NaOH).  The  temperature  at  the  moment  of 
addition  of  acid  should  not  exceed  +10*.  After  adding  half  of  the  volume  of  iminodiacetic  acid,  the  reaction  mass 
is  kept  for  another  three  hours  at  a  temperature  of  +5  to +  10*,  the  pH  of  the  solution  beii^  kept  neutral  all  the 
time  by  means  of  universal  indicator  paper.  To  this  solution  is  then  added  the  other  half  of  the  neutralized  imino¬ 
diacetic  acid,  and  the  temperature  raised  to  45-50*,  and,  while  the  alkalinity  of  the  medium  is  continuously  con¬ 
trolled  with  respect  to  phenolphthalein  as  an  indicator,  the  reaction  mass  is  kept  for  another  five  hours.  The  solu¬ 

tion  is  filtered  hot,  it  is  then  cooled  and  acidified  widi  10%  hydrochloric  acid  to  a  pH  of  2.  After  crystallizing, 
on  cooling  there  is  obtained  2-hydroxy-4,6-diamino-l,3,5-triazine-N,N,N’,N'-tetracetlc  acid  which  is  recrystal- 
Uzed  from  water. 

The  material  is  a  white  crystalline  powder  which  is  readily  soluble  in  water  and  alkalis,  sparingly  soluble  in 
in  dilute  alcdiol,  and  insoluble  in  acetone,  benzene,  and  chloroform. 

C11H1JO9N6  Found  %:  C  36.52;  36.42;  H  3.89;  3.97;  N  19.68;  19.52. 

Calculated  %:  C  36.8  H  3.62  N  19.5. 

Synthesis  of  2,4,6-Triamino-l,3,5-triazine  •N,N,N*,N*J4* J4"-hexacetic  Acid.  46  g  of  iminodiacetic  acid 
is  neutralized  with  a  20%  solution  of  NaOH  using  universal  indicator  paper.  A  third  of  the  neutralized  acid  solu¬ 
tion  is  added  with  careful  stirring  to  a  suspension  of  18.4  g  of  cyanuric  chloride  in  30  ml  of  water  cooled  to  0*. 
Addition  of  the  acid  is  controlled  in  such  a  way  that  the  temperature  of  the  flask  does  not  exceed  +10*.  The  re¬ 
action  mass  is  kept  at  this  temperature  for  three  hours  while  the  pH  of  the  solution  is  kept  at  about  pH  7. 

To  this  solution  is  then  added  the  remainder  of  the  neutralized  iminodiacetic  acid,  the  temperature  of  the 
flask  is  raised  to  45-50*  and  kept  at  this  temperature  for  one  hour.  The  reaction  mass  is  next  heated  to  95-100*, 
and,  while  the  pH  is  kept  at  about  6-7,  the  reaction  is  allowed  to  continue  for  a  further  three  hours.  The  solution 
is  filtered  hot,  it  is  cooled  and  acidified  with  a  1C%  solution  of  hydrochloric  acid  to  a  pH  of  2.  On  cooling,  a 
crystalline  precipitate  of  2,4,6-triamino-l,3,5-triazine-N,N,N'JsI’J4*J^"-hexacetic  acid  separates  out.  This  is 
filtered  off  and  washed  with  iced  distilled  water  until  the  wash  liquors  give  no  reaction  for  Cl'  ions.  It  is  purified 
by  repeated  recrystallization  from  hot  water.  Yield  25  g. 

2,4,6-Triamino-l,3,5-triazine-N  J4,N',N'J4",N"-hexacetic  acid  is  a  white  crystalline  powder  which  is 
readily  soluble  in  hot  water  and  alkali,  it  is  sparingly  soluble  in  cold  water  and  dilute  alcohol,  and  insoluble  in 
acetone,  benzene,  chloroform,  and  ether. 

CigHigOuNe  •  2H,0  Found  %:  C  34.63;  34.88;  H  3.44;  3.65;  N  16.41;  16.54. 

Calculated  %:  C  35.27  H  3.52;  N  16.46. 

A  LP-55-A  polarograph  of  the  Heyrovsky  type  was  used  with  a  differentiating  system  durii^  the  determination 
of  the  purity  of  the  reagents  used,  and  also  for  interpreting  poorly  defined  reduction  waves. 

The  cathodes  used  were  the  usual  dr oppirg- mercury  electrode  with  the  following  characteristics:m  =  2.2 
mg/ sec,  t=  1,8  sec,  and  an  electrode  in  which  the  drop  was  compelled  to  drop  off  by  means  of  a  little  spade  at¬ 
tachment;  the  characteristics  of  this  electrode  were  t  =  4.2  sec,  and  m  =  1.82  mg/ sec  without  the  spade  attach¬ 
ment,  and  t  =  0.52  sec  with  the  spade  attachment. 

The  anode  was  a  saturated  calomel  electrode  connected  to  the  electrolyzer  via  a  bridge  filled  with  agar- 
agar  and  a  saturated  KCl  solution.  Hydrogen  was  passed  through  the  solution  for  10-15  minutes  prior  to  taking 


polarograms  in  order  to  remove  dissolved  oxygen.  The  hydrogen  ion  concentration  in  the  test  solutions  was  con¬ 
trolled  by  means  of  a  quinhydrone  electrode,  and,  in  a  number  of  cases  by  means  of  a  glass  electrode,  usit^  a 
LP-5  potentiometer. 

The  buffer  and  test  solutions  were  prepared  in  the  same  way  as  described  in  [1]. 

SUMMARY 

2-Hydroxy-4,6-diamino-l,3,5-o:iazine-N,N,N’,N*-tetracetic  acid  and  2,4,6-uiamino-l,3,5-triazine- 
N,N,N'J4',N*,N''-hexacetic  acid  have  been  synthesized;  it  has  been  shown  polarographically  that  these  acids 
form  compounds  with  a  number  of  ions. 

A  comparison  of  the  properties  of  the  new  complexones  with  those  of  m-phenylenediaminetetracetic  acid 
has  shown  that  the  nitrogen  of  the  hetero  ring  participates  in  the  formation  of  compounds  with  metals. 
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Studies  of  the  polarograms  of  aqueous  solutions  of  the  alkali  metals  were  initiated  by  Heyrowsky  [1],  who 
established  many  general  conditions  for  the  polarographic  determination  of  the  alkali  metals;  subsequently,  these 
investigations  were  extended  by  Heyrowsky  and  by  other  research  workers  [2-8].  At  present, determination  of  the 
alkali  metals  is  carried  out  in  a  supporting  electrolyte  of  tetraalkylmethyl- ,  ethyl-,  and  butylammonlum  bases 
their  halide  salts.  The  compounds  mentioned  above  are  difficult  to  purify,  and  the  purity  of  the  supporting 
electrolyte  (in  order  to  get  clearly  defined  polarograms)  must  be  high. 


TABLE  1 

Comparison  of  the  Concentrations  of 
Lithium  Chloride  Solutions  Determined 
by  Various  Methods 


Determination 

polar^raphic- 

Determina  - 
tlon  mercuri 
metrically, N 

Difference, 

0,6309 

0,6405 

1,50 

0,2693 

0,2735 

1,52 

0,2281 

0,2317 

1,55 

0,4351 

0,4415 

1,44 

0,5453 

0,5538 

1,53 

0,2385 

0,2425 

1,65 

at  room  temperature.  The  capillary  had  an  internal 


Since  the  first  publications  of  Heyrowsky  [1] 
there  has  been  no  information  on  the  polarographic 
determination  of  the  alkali  metals  in  the  absence  of 
a  supporting  electrolyte.  We  thought  it  would  be  ex¬ 
pedient  to  develop  a  technique  for  the  determination 
of  aqueous  and  aqueous-alcoholic  solutions  of  the  alkati 
metal  chlorides  in  the  absence  of  a  supporting  electrolyte. 
From  a  theoretical  viewpoint,  starting  the  problem  in 
this  way  may  appear  rather  strange  at  the  first  glance. 

We  were  also  interested  in  establishing  the  possi¬ 
bility  of  analyzing  mixtures  of  alkali  metals  under  the 
same  conditions. 


A  Heyrowsky  M- 102  Czech  micropolarograph  was 
used  for  the  work,  die  experiments  were  carried  out 
diameter  of  0.05  mm,  the  length  being  20  cm. 


The  solutions  of  the  alkali  metal  chlorides  were  prepared  in  twice-distilled  water.  The  concentration  of 
die  original  solutions  was  determined  by  weighing  the  calcined  pure  chlorides  of  the  alkali  metals  and  checking 
on  them  by  argentometric  titration.  The  limits  of  die  concentration  ranges  used  were  0.0005  N  to  0.0070  N  in 
aqueous  media,  and  0.0020  to  0.0140  N  in  aqueous-alcoholic  media.  The  compensation  setup  of  the  apparatus 
was  used  for  taking  the  polarograms.  The  potential  applied  to  the  rheocord  was  4.8  volt  for  aqueous  media  and 
6.4  volt  for  aqueous- alcoholic  media. 


As  examples  there  ate  shown  in  Figs.  1  and  2  the  polarograms  for  an  aqueous  solution  of  lidiium  chloride 
and  potassium  chloride.  As  is  evident  from  these  Figs.,  the  polarograms  are  clearly  defined,  and  dieir  quality 
is  completely  satisfactory.  Similar  polarograms  were  obtained  in  aqueous-alcoholic  media. 
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Fig.  1.  Polarogram  for  a  0.0015  N  aqueous  solution  of  LiCl. 


Fig.  2.  Polarogram  for  a  0.0010  N  aqueous  solution  of  KCl. 


Fig.  3.  Polarogram  of  a  mixture  of  0.0040  N  KCl  solution,  0.0060  K  NaCl  solution, 
and  0.0020  N  LiCl  solution  in  95^  methanol. 

Since  die  resistance  of  the  working  solution  is  very  high  in  the  absence  of  a  supporting  electrolyte,  part 
of  die  voltage  applied  to  the  rheocord  was  expended  on  the  ohmic  resistance  of  this  solution.  Accordingly,  the 
half-wave  potential  of  die  alkali  metals  formally  calculated  on  the  basis  of  the  rheocord  voltage  proved  to  be 
displaced  towards  die  negative  side  with  respect  to  the  corresponding  potentials  observed  in  the  presence  of  a 
supporting  electrolyte.  Thus,  f<x  an  aqueous  solution  we  obtained  the  followii^  half-wave  potentials:  -3.82  volt 
f<»  Li^;  -3.12  volt  for  K* ;  and  -3.08  volt  for  Na^. 

Within  the  concentration  range  which  we  studied  there  exists  a  linear  relation  between  wave  height  and  con¬ 
centration. 

Subsequently,  a  series  of  control  polarographic  measurements  were  canied  out  on  die  determination  of  large 
lldiium  concentrations  (in  aqueous  solutions  of  lithium  chloride)  by  appropriate  dilution,  while  the  chloride  ion 
content  was  also  determined  in  parallel  by  mercurimetric  titration  using  diphenylcarbazide  as  the  indicator.* 

As  is  evident  from  Table  1  die  error  in  the  polarographic  determination  of  the  concentration  of  LiCl  solutions 

*Dau  on  the  mercurimetric  titration  of  lithium  chloride  was  taken  horn  die  work  of  Yu.  V.  Kabankov  and  E.  M. 
Timofeev. 
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TABLE  2 

Relation  between  die  Wave  Heights  of  the  Alkali  Metals  for  Ternary  Mixtures  in  a  75^ 
Methanolic  Medium 


Mixture 

Concent¬ 

ration 

ratio 

Wave 

height 

ratio 

Mixture 

Concent¬ 

ration 

ratio 

Wave 

height 

ratio 

Nad  :  KCl :  Lid 

1 ;  1  ;  1 

11  ;  20,0 

1  Nad  ;  KCl  :  Lit:i 

1:4:1 

24:  20.7 

2:1:1 

10  : 18,5 

1  Nad  :  KCl  :  LiCl 

1:5:1 

27:21,5 

3  :1  :  1 

20  : 10,0 

1:1:2 

10:23,5 

4  ;1  :  1 

23:  10,5 

1 

1:1:  3 

11  :34,0 

5:1  :  1 

30  :  21,0 

! 

1:1:4 

10:  30,0 

Nad  :  KCl  :  Lid 

1  :2  :  1 

17  :  20,0 

1  :  1  :  5 

0 :  44 ,0 

1  :3 ;  1 

22  : 21,5 

■1 

lies  within  the  limits  ±1.3^  with  respect  to  the  determination  by  mercurimetric  titration.  It  is  obvious  from  a  com¬ 
parison  of  these  two  methods  that  it  is  possible  to  determine  the  alkali  metals  quantitatively  in  the  absence  of  a 
supporting  electrolyte  polarographically. 

An  attempt  was  made  to  analyze  a  mixture  of  the  alkali  metals.  For  this  purpose  polarograms  were  taken 
of  mixtures  of  alkali  metal  ions:  sodium- potassium;  sodium— lithium;  sodium— potassium —lithium.  It  was 
found  that  only  the  sodium- lithium  mixture  gave  two  clearly  defined  waves.  A  break  and  a  wave  were  obtained 
for  the  potassium— lithium  mixture,  while  the  sodium- potassium  mixture  just  gave  one  common  wave. 

The  height  of  the  sodium  and  lithium  wave  on  the  polarogram  of  this  mixture  was  not  equal  to  the  height 
of  the  wave  for  the  individual  metal  ion  of  die  same  concentration.  But,  although  these  heights  are  not  equal, 
there  still  exists  a  linear  relation  between  these  values  and  the  concentration  of  the  components  of  the  mixture. 

Replacement  of  water  by  an  aqueous- alcoholic  medium  (93^  and  73^  medianol  and  73^  ethanol)  improved 
the  polarogram  for  the  lithium— potassium  mixture;  instead  of  die  break  and  a  wave,  two  clearly  defined  waves 
were  obtained.  The  potassium- sodium  mixture  gave  one  wave  as  before. 

In  the  aqueous-alcoholic  medium,  as  in  water,  the  height  of  the  wave  for  the  individual  metal  in  the  mix¬ 
ture  did  not  correspond  to  the  wave  height  of  the  same  metal,  taken  from  a  calibration  curve  for  the  individual 
alkali  metal,  although  the  linear  relation  betweeen  the  wave  height  and  the  corresponding  concentration  was 
maintained. 

We  also  studied  ternary  mixtures  with  varyii^  contents  of  each  component  in  a  73^  methanolic  medium. 

In  this  case  two  waves  were  obtained  on  the  polarogram:  one  ftx:  lithium  and  one  for  the  mixture  of  sodium  and 
potassium  (Fig.  3).  The  height  of  die  common  wave  varied  with  the  changes  in  the  ratio  of  the  concentration  of 
the  sodium  and  potassium  ions,  but  this  change  did  not  affect  the  wave  height  of  lithium,  in  exactly  the  same  way 
as  the  lithium  concentration  did  not  affect  the  combined  wave  of  sodium  and  potassium  (see  Table  2). 

Separate  waves  for  sodium  and  potassium  could  not  be  obtained  in  ternary  mixtures.  However,  on  the  basis 
that  for  Li-K  mixtures  in  aqueous  solutions  in  the  absence  of  a  supporting  electrolyte,  only  a  break  and  a  wave 
are  obtained,  while  in  aqueous -alcoholic  solutions  in  the  absence  of  a  supporting  electrolyte  two  waves  are  ob¬ 
tained,  it  is  possible  to  suggest  that  by  choosing  appropriate  conditions  for  polarographic  analysis,  it  should  be 
possible  to  obtain  individual  waves  for  these  metals  in  their  mixtures. 

We  should  like  to  thank  A.  N.  Frumkin  and  E.  N.  Vinogradov  for  a  number  of  valuable  observations  in  pre¬ 
paring  this  article. 


SU  MMARY 

Polarograms  have  been  obtained  for  aqueous  and  aqueous- alcoholic  solutions  of  the  alkali  metal  chlorides 
in  the  absence  of  a  supporting  electrolyte. 

It  has  been  shown  that  it  is  possible  to  determine  the  ions  of  the  individual  alkali  metals  without  usli^  a 
supportii^  electrolyte.  It  has  also  been  demonstrated  that  it  is  possible  to  obtain  two  clearly  defined  waves  for 
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mixtures  of  Li  and  K  in  an  alcoholic  medium  in  the  absence  of  a  supporting  electrolyte;  dils  was  not  found  possible 
when  only  an  aqueous  medium  was  used. 

LITERATURE  CITED 

1.  J.  Heyrowsky,  Phil.  Mag.  45  ,  303  (1923). 

2.  A.  L.  Puckard,  and  W.  F.  Neptane,  Anal.  Chem._27,  1358  (1955). 

3.  F.  L.  Lambert,  Chemist.  Analyst  10  (1957). 

4.  W.  E.  Clark,  J.  Amer.  Chem.  Soc.  75,  6042  (1953). 

5.  E.  S.  Peracchlo,  and  V.  W.  Meloche,  J.  Amer.  Chem.  Soc.  1770  (1938). 

6.  I.  Zlotowski  and  I.  M.  Kolthoff,  J.  Amer.  Chem.  Soc.  1297  (1942). 

7.  I.  Zlotowsky,  and  I.  M.  Kolthoff,  Ind.  Eng.  Chem.  Anal.  Ed.  14,  473  (1942). 

8.  L.  Lykken,  D. ).  Pompeo,  and  J.  R.  Weaver,  Anal.  Chem.  19,  372  (1947). 


FLAME  PHOTOMETRIC  DETERMINATION  OF  SMALL  AMOUNTS 
OF  RUBIDIUM  IN  SILICATES 

E.  A.  Fabrikova 

Institute  of  the  Mineralogy,  Geochemistiy,  and  Crystallochemistry  of  the 
Rare  Elements,  Academy  of  Sciences,  USSR,  Moscow 

Translated  horn  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  4,  pp.  427-430, 
July-August.  1960 

Original  article  submitted  April  14,  1959 


The  effect  of  the  composition  of  the  test  material  on  the  accuracy  of  the  determination  of  elements  by  the 
flame  photometric  method  can  be  eliminated  by  various  techniques;  for  example,  by  comparing  the  composition 
of  a  standard  solution  with  that  of  the  test  solution;  by  the  method  of  additions,  in  which  the  standard  is  a  known 
amount  of  die  test  element  added  to  an  aliquot  of  die  test  solution;  by  making  use  of  the  subilizing  (buffering) 
action  of  salts.  The  latter  technique  has  the  advantage  over  the  two  other  methods  that  it  does  not  require  in 
each  individual  analysis  the  preparation  of  a  new  standard  solution.  Moreover,  buffering  can,  in  certain  cases, 
permit  the  equilibrium  of  the  processes  which  occur  in  the  flame  to  be  shifted  so  that  there  is  an  increase  in  the 
radiation  intensity  of  the  test  element,  diereby  increasing  the  sensitivity  of  the  determination. 

In  carrying  out  series  of  analyses  on  rocks  and  minerals,  the  advantages  of  the  buffering  method  assume 
considerable  importance. 

The  present  article  contains  results  of  a  quantitative  study  of  the  effect  of  the  alkali  metals  on  the  radiation 
of  rubidium  in  a  flame,  and  the  possibility  is  demonstrated  of  carrying  out  a  flame  photometric  determination  of 
small  amounts  of  rubidium  in  silicates  by  bufferii^  the  test  solution  with  potassium.  A  similar  mediod  has  been 
developed  for  cesium  [1], 

The  experiments  were  carried  out  on  a  spectrophotometric  setup  by  means  of  the  technique  described  in  [1] 
at  a  wavelei^th  of  794.8  mp  .  The  choice  of  the  794.8  mp  line  was  governed  by  the  large  distance  by  which  it 
is  separated  from  the  potassium  lines  (768.5-769.9  mp  )  as  compared  widi  the  line  780.0  mp .  The  effect  of  the 
Rb  radiation  of  sodium,  potassium,  lithium,  and  cesium  present  in  solution  was  studied.  The  Rb  concentration  of 
the  solution  was  2.76  pg/  ml  while  the  concentrations  of  the  additives  were  varied  from  25  to  6000  pg/ml  (cal¬ 
culated  in  terms  of  the  element)  stepwise  in  amounts  of  25,  50,  100,  1000  pg/ ml  and  subsequently  in  intervals  of 
lOOOpg/ml. 

The  presence  of  the  alkali  metals  in  the  test  solution  led  to  a  sharp  increase  (up  to  7-38  times  as  much)  in 
the  rubidium  radiation  for  high  concentrations  of  the  additives.  Cs  exhibited  the  greatest  effect,  and  dien  K,  Na, 
and  Li.  This  is  clearly  evident  from  the  curves  relating  the  photocunent  to  the  concentration  of  the  additives 
(Fig.  1). 

The  regularities  observed  agree  with  the  assumption  that  the  mutual  effect  of  le  alkali  elements  on  the  in¬ 
tensity  of  their  radiation  in  die  flame  is  connected  with  a  chaise  in  the  equilibrium  in  the  ionization  processes  of 
these  elements  [2],  the  increase  in  intensity  being  determined  by  the  supj^ssion  of  the  ionization  process  of  one 
alkali  metal  by  the  other.  For  an  equal  ionic  concentration  of  the  additives,  the  effect  shown  is  greater  the 
greater  the  degree  to  which  the  influencing  element  is  ionized.  The  sharp  chaise  in  die  radiation  intensity  of 
rubidium  under  die  influence  of  additions  of  the  alkali  metals  proceeds  to  a  definite  limit,  beyond  which  furdier 
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Fig.  1.  Relation  between  radiation 
intensity  (I)  of  rubidium  (2.76  fi  g/  ml) 
in  an  acetylene -ai;  flame  and  the  con 
centration  (C)  of  impurities:  lithium 
(1),  sodium  (2),  potassium  (3),  and 
cesium  (4). 


Fig.  2.  Effect  of  potassium  on  the 
radiation  intensity  of  rubidium  (I) 

(X  =  794.8  mp )  in  an  acetylene -air 
flame.  Rubidium  concentration 
(Pg/ml):  1)  2.5;  2)17;  3)175. 

increases  in  the  concentration  of  the  additives  do  not 
lead  to  any  appreciable  changes  in  the  radiation  in¬ 
tensity  of  rubidium.  The  value  of  the  maximum  radi¬ 
ation  intensity  depends  on  the  element  added.  When 
a  cesium  salt  was  added,  the  maximum  intensity  was 
30  times  that  in  the  absence  of  this  salt,  while  on  addi¬ 
tion  of  a  potassium  salt  it  was  26  times  greater,  and 
20  times  and  7  times  greater  in  the  case  of  addition 
of  sodium  and  lithium, respectively.  The  amount  of 
the  foreign  element  which  had  to  be  added  to  give  this 
maximum  intensity  was  10,000  p  g  /ml  in  the  case  of 
Cs,  3000  p  g/  ml  for  K,  2000  p  g  /ml  for  Na,  and  600 
pg/  ml  for  Li.  Converted  to  ionic  concentrations  this 
is  equal  to  (7-8)  •  10"*g  ion/  liter  for  all  the  elements. 


Fig.  3.  Change  in  the  concentra¬ 
tion  curves  of  rubidium  under  the 
influence  of  potassium.  Concenura- 
tion  of  potassium  in  the  solution 
(pg/liter):  1)  0;  2)  500;  3)  1000; 
4)  2500;  I)  the  readings  on  the 
galvanometer  scale. 


The  combined  effect  of  the  alkali  metals  on 
the  radiation  intensity  of  Rb  was  also  studied.  It  was 
established  that  after  adding  more  than  6,000  pg/ml 
of  cesium,  addition  of  K,  Na,  and  Li  in  any  amount 
had  no  observable  effect.  In  the  presence  of  large 
amounts  of  potassium  (2,500-3,000  pg/ ml),  Cs  up  to 
1.000  p  g/ liter,  and  any  amounts  of  Na  and  Li  had  no 
effect  on  the  rubidium  radiation.  While  when  the  so¬ 


lution  contained  2,000  pg/ liter  of  sodium,  Cs  up  to 

50  pg /liter,  K  up  to  250  pg/liter,  and  Li  in  any  amount  had  no  effect  on  the  rubidium  radiation.  In  the  presence 
of  lithium  (above  600  p  g/  liter),  Cs  in  amounts  up  to  100  p  g/  liter,  K  in  amounts  up  to  25  p  g/  liter,  and  Na  in 
amounts  up  to  300  p  g  /liter  had  no  effect  on  the  rubidium  radiation. 


The  results  given  are  in  poor  agreement  with  the  assumption  that  the  constancy  of  the  radiation  intensity  of 
Rb  in  regions  of  high  concentrations  of  the  additives  is  the  result  of  a  switch  over  into  the  ionic  state  of  all  the 
rubidium  ions  reacting  with  the  electrons  of  the  prevalent  alkali  element  (complete  suppression  of  the  ionization 
process  [3]).  Apparently,  at  a  definite  concentration  of  the  prevalent  component  in  the  system  Me  =  M*  +  e,  a 
stable  equililxrium  is  set  up,  which  can  only  be  changed  by  equal  concentrations  of  another  alkali  element  with 
a  lower  ionization  potential.  Low  concentrations  of  any  alkali  metal  or  equal  concentrations  of  a  component 
with  a  high  ionization  potential  do  not  show  any  essential  effect  on  this  equilibrium.  The  constant  number  of 
free  electrons  in  the  flame  stabilizes,  in  its  turn,  the  number  of  non- ionized  atoms  of  Rb  which  are  capable  of 
radiating.  Thus,  the  radiation  intensity  of  small  amounts  of  rubidium  can  be  buffered  by  any  alkali  element  under 
conditions  such  that  components  with  a  higher  degree  of  ionization  than  the  buffer  are  contained  in  a  considerably 
smaller  amount. 
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TABLE  1 


Determination  of  Rubidium  in  Rocks  and  Minerals 


Sample 

Found  °h 

by  the  method 
of  addidons 

by  buffering 
widi  potassium 

Quartz 

0.005 

0.006 

The  same 

0.002 

0.002 

Feldspar 

0.006 

0.007 

The  same 

0.050 

0.045 

Granodiorite 

0.021 

0.020 

Muscovite 

0.026 

0.026 

Muscovite  granite 

0.059 

0.061 

Double  mica  granite 

0.020 

0.023 

Biotite 

0.070 

0.073 

TABLE  2 

Flame  Photometric  Determination  of  Rubidium  in  the  Presence  of  Potassium 


Taken. 

pg/ml 

Found,  pg/ ml 

Mean 

valM, 

ig/ml 

Error, 

% 

0,2 

0,16 

0,17 

0,2 

0,21 

0,2 

0,18 

0,21 

0,2 

0,17 

1 

0,23 

0,19 

5 

2,0 

2,0 

2,0 

1,9 

1,8 

2,0 

2,1 

1,9 

1,8 

2,0 

2,2 

1,97 

1,5 

20 

19,5 

19,2 

19,5 

19,3 

20,2 

20,3 

20,0 

20,4 

18,6 

19,5 

19,6 

2 

For  commensurate  amounts  of  the  interferii^  elements,  the  element  chosen  as  the  buffer  should  be  the  one 
with  the  highest  degree  of  ionization.  In  diis  way,  it  is  not  only  possible  to  achieve  stable  buffering,  but  it  is 
also  possible  to  get  the  maximum  increase  in  sensitivity.  Thus,  for  buffering  rubidium  one  should  take  cesium . 
or,  bearii^  in  mind  the  cost  of  the  latter  and  the  insignificant  amount  of  cesium  in  natural  samples,  potassium, 
whose  concentration  in  silicates  is  usually  high.  Such  replacement  of  Cs  by  K  does  not  have  any  appreciable  effect 
on  the  sensitivity  and  accuracy  of  the  method,  since  die  bufferii^  action  of  cesium  and  potassium  is  similar. 

In  this  connection  therefore,  the  effect  of  potassium  on  Rb  was  studied  in  more  detail.  In  Fig.  2  are  diown 
curves  reladr^  changes  in  the  radiation  intensity  of  Rb  and  its  concentration  in  solution  (2.5,  17,175  pg/ ml) 
under  the  influence  of  various  amounts  of  potassium  (25 -4,000  pg/  liter).  This  diagram,  like  the  previous  one, 
shows  that  the  increase  in  the  radiation  intensity  of  Rb  under  the  influence  of  potassium  reaches  a  definite  limit, 
beyond  which  further  increases  in  potassium  concentration  do  not  lead  to  changes  indie  radiation  intensity. 

At  a  Rb  concentration  of  2.5  pg /liter,  the  radiation  intensity  increased  24-26  times,  while  for  a  Rb  con¬ 
centration  of  17  p  g  /liter  it  increased  about  10  times,  and  for  a  concentration  of  175  p  g/  liter  die  intensity  in¬ 
creased  2.5  times.  This  character  of  the  change  in  the  intensity  of  die  Rb  radiation  under  die  influence  of  potassium 
has  a  favorable  effect  on  the  path  of  the  standard  curve  (Fig.  3).  Under  the  influence  of  potassium  die  standard 
curve  for  rubidium  is  straightened  out;  diis  considerably  simplifies  comparison  of  the  test  solution  widi  the  standard 
solution. 

The  effect  of  Ca,  Mg,  Sr,  P,  and  Fe  on  the  rubidium  radiadon  was  also  studied.  Of  these  elements,  the  one 
diat  showed  the  greatest  effect  was  Ca. which  increased  the  radiation  of  lowconcenttadons (1-10  pg/ liter)  of  rubi¬ 
dium  by  80-70^  and  of  higher  concentrations  (30-50  p  g/ liter)  by  20-29^.  In  the  presence  of  potassium,  however, 
the  effect  of  the  eleiients  listed  is  eliminated. 

The  effect  of  the  bulk  composition  of  the  sample  was  checked  by  comparing  the  results  of  an  analysis  carried 
out  by  the  mediod  of  buffering  with  potassium  and  the  method  of  additions  (Table  1).  These  experiments  showed 
that  the  composition  of  the  sample  has  no  effect  on  die  Rb  radiadon  in  die  presence  of  large  amounts  of  pousslum. 
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As  a  result  of  these  experiments  it  was  establislied  that  by  adding  a  definite  amount  of  potassium  to  the  test 
and  sundard  solution  before  carrying  out  a  flame  photometric  measurement,  it  is  possible  to  determine  hundredths 
and  thousandths  of  a  percent  of  Rb  in  silicate  rocks  and  minerals  without  takii^  into  account  the  composition  of 
the  sample.  The  experimental  error  amounts  to  10-13^.  The  minimum  amount  of  Rb  that  can  be  determined  in 
solution  is  0.1  pg/  liter.  Chemical  preparation  of  the  samples  consists  in  decomposing  them  with  hydrofluoric  and 
sulfuric  acids  ot  by  fusion  with  CaCOt  and  NH^l. 

Potassium  is  added  to  the  test  solutions  without  taking  into  account  the  potassium  content  of  the  sample, 
as  long  as  its  content  in  the  sample  is  not  greater  than  1500  p  g/  liter.  When  the  sample  contains  a  large  amount 
of  potassium,  the  amount  of  the  latter  added  should  be  decreased  in  order  to  avoid  too  high  a  background.  During 
photometric  measurements  a  correction  is  applied  for  the  background  resultii^  horn  the  characteristic  radiation 
from  potassium  and  the  other  elements  present  in  die  sample.  The  results  of  the  measurements  are  given  in  Table 
2. 

The  method  has  been  tested  on  a  large  number  of  samples  of  rubidium-containing  materials:  pegmatites, 
granites,  micas,  beryls,  and  has  been  introduced  into  practice  at  the  analytical  chemical  section  of  the  Institute  of 
Mineralogy,  Geochemistry,  and  Crystallochemistry  of  tne  Rare  Elements  of  the  Academy  of  Sciences,  USSR. 


Experimental  Procedure.  0.5-1  g  of  sample  is  placed  in  a  platinum  basin  and  moistened  with  water,  0.4  ml 
of  concentrated  H2SO4,  15  ml  of  HF,  and  2-3  drops  of  HNO3  are  added.  The  mass  is  heated  to  70-80*.  As  the 
sample  decomposes  heating  is  increased,  decomposition  is  completed  on  appearance  of  white  sulfuric  acid  fumes. 
The  residue  in  the  basin  is  cooled,  two  ml  of  water  and  0.1  ml  of  concentrated  sulfuric  acid  are  added  and  the 
mass  heated  until  white  fumes  appear  again.  In  order  to  make  sure  that  all  the  fluorides  have  been  removed,  the 
mass  is  evaporated  a  diird  time  with  water.  25-30  ml  of  water  is  added  and  the  whole  heated  until  the  salts  have 
dissolved.  The  solution  plus  residue  is  transferred  into  a  50  ml  standard  flask  and  then  diluted  with  water  to  the 
mark.  The  solution  is  filtered  in  portions  through  a  dry  filter  into  a  beaker.  The  first  portion  is  rejected,  20  ml  is 
then  taken  from  the  main  bulk  of  die  filtrate  and  transferred  to  a  25  ml  standard  flask.  To  the  latter  is  added  2.5 
ml  of  potassium  sulfate  (25,000/1  g  K/  ml)  and  the  volume  made  up  to  the  mark  with  water.  After  mixing,  the 
solution  is  used  for  carrying  out  photometric  measurements  for  determination  of  its  Rb  content  (794.8  mp ).  Photo¬ 
metric  measurements  are  made  at  three  positions  of  the  drum:  1)  8-10*  above  the  rubidium  line;  2)  on  the 
rubidium  line;  3)  8-10*  below  the  rubidium  line.  Simultaneously  with  the  measurements  of  the  test  solution, 
measurements  are  also  carried  out  under  the  same  conditions  on  a  standard  solution  of  rubidium  sulfate  to  which 
K1SO4  has  been  added  at  the  rate  of  250  pg  K/  ml.  The  percentage  content  of  rubidium  in  the  test  material  is 
calculated  by  means  of  the  formula: 


C  .  ,(I  -I 


standard!  x 

RD  • 


backgroundj) 


50  •  25  •  100 
1 - - 


(  ^standard  “  Ibackground2)  '  20Q  •  10 


where  Csundard  is  the  Rb  concentration  of  die  standard  solution  in  pg/inl;  Q  is  the  weight  of  sample;  Istandard 
is  die  deflection  of  the  galvanometer  needle  in  scale  divisions  during  measurements  of  the  standard  rubidium  so¬ 
lution  (X  =  794.8  nip  );  ditto  for  the  test  solution;  Ibackground(u)  is  th®  cwrection  aj^lied  for  the  background, 
obtained  as  the  mean  arithmetic  value  of  the  two  deflections  of  the  galvanometer  needle  at  the  wavelengths  which 
are  longer  and  diorter  than  the  rubidium  wavelength  (8-10*  either  side  of  the  rubidium  line). 


For  preparing  a  standard  solution  of  rubidium  sulfate,  about  1  g  of  RbCl  is  dissolved  in  water  in  a  50  ml 
platinum  basin.  To  the  solution  is  added  2  ml  of  4  N  H2SO4.  The  contents  of  the  basin  are  evaporated,  first  on 
a  water  bath,  and  then  on  a  hotplate  until  a  glassy  mass  is  obtained  which  crystallizes  on  cooling;  it  is  then 
heated  over  a  burner  with  a  weak  red  flame  to  constant  weight.  The  salt  is  dissolved  in  distilled  water  and  the  so¬ 
lution  transferred  o  a  500  ml  sundard  flask  in  which  it  is  made  up  to  the  mark  with  water.  The  exact  amount  of 
rubidium  per  ml  of  solution  is  calculated  from  the  weight  of  rubidium  sulfate.  By  dilution  of  the  stock  solution, 
working  standard  solutions  of  rubidium  are  prepared  containii^  K2SO4:  the  initial  K2SO4  concentration  is  27.85  g 
K|S04ln500mlH|0(25,000  pgK/ml).  The  number  of  working  solutions  that  need  be  prepared  depends  on  the  con¬ 
centration  range  to  be  measured.  In  the  rai^e  0.2-100  pg/ml  we  used  three  standards:  about  1  pg  Rb/ ml  +  2,500 
pg  K/ ml;  about  20  pg  Rb/ml-t-  2,500  pg  K/ ml;  and  about  80  pg  Rb/ ml  +  2,500  pg  K/ ml. 
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SUMMARY 


The  effect  of  Cs,  K,  Na,  Li,  and  some  other  elements  on  the  radiation  intensity  of  Rb  (X  =  894.4  mp )  in  an 
acetylene-air  flame  has  been  studied.  It  has  been  established  that  it  is  possible  to  enhance  and  stabilize  the  rubi¬ 
dium  radiation  by  adding  potassium. 

An  improved  flame-photometric  method  which  has  been  developed  f(»  the  determination  of  rubidium  in  rocks 
and  minerals  permits  determination  of  hundredths  and  thousandths  of  a  percent  of  rubidium  in  samples,  with  an 
error  of  10-19^,  without  preliminary  separation  of  Cs,  K,  Na,  Li,  Ca,  Sr,  Mg,  P,  Fe. 

LITERATURE  CITED 

1.  E.  A.  Fabrikova,  Zhur.  Anal.  Khlm.  14.  41  (1959).* 

2.  E.  Pungor,  A.  J.  Hegedus,  Thege  I.  Konkoly,  and  E.  E.  Zapp,  Mocrochim.  Acta,  7-8,  1247  (1956). 

3.  N.  S.  Poluektov,  Zhur.  Anal.  Khlm.  13,  48  (1958).* 

4.  N.  S.  Poluektov,  Exfffess  Methods  of  Analysis  by  Means  of  Flame  Photometry  in  Nonferrous  Metallurgy,  [in 
Russian]  (Metallurgizdat,  Moscow,  1958). 


*  Original  Russian  pagination.  See  C.  B.  translation. 


493 


DETERMINATION  OF  SMALL  AMOUNTS  OF  SILVER 


IN  THE  DEVELOPED  PHOTOGRAPHIC  IMAGE 

N.  N.  Shishkina 

State  Optical  Institute,  Leningrad 

Translated  hrom  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  4,  pp.  431-436, 
July-August,  1960 

Original  article  submitted  May  22,  1957 


During  a  study  of  some  questions  relating  to  the  theory  of  the  photographic  process,  there  arose  die  necessity 
for  an  analytical  chemical  method  which  would  enable  silver  to  be  determined  fairly  rapidly  and  simply  in  se¬ 
parate  parts  of  the  developed  and  flxed  sensitogram  obtained,  e.  g.,  on  a  FSR-4  sensitometer  [1].  The  method 
should  permit  the  determination  of  1  •  10~*  g  of  metallic  silver  on  an  area  of  about  0.4  cn^,  with  an  error  of  not 
greater  than  lO^o.  The  gelatin  present  in  the  film  should  not  interfere  widi  die  determination.  The  time  taken 
to  cany  out  one  determination  should  be  such  that  a  complete  analysis  of  a  sensitogram  (21  areas)  should  not  take 
more  than  a  few  hours.  Existii^  methods  [2-27]  are  either  unsuitable  or  are  not  applicable  to  die  problem  under 
discussion.  Apparently,  the  most  suitable  technique  is  the  photometric  method  in  which  dimethylaminobenzyl- 
idenerhodanine,  first  synthesized  by  Andreasch  and  Zipser  [28],  is  used  as  the  reagent  for  the  silver  ion.  The 
rhodanine  method,  because  of  its  high  sensitivity  and  simplicity  of  execution,  has  been  used  for  the  determination 
of  small  amounts  of  silver  in  order  to  solve  various  problems  [29-36]. 

EXPERIMENTAL 

Silver  nitrate  was  recrysullized  and  calcined  at  220-230*  [37].  The  stock  silver  nitrate  solutions  in  0.1  N 
HNOs  had  concentrations  of  0.1*^  Ag  and  0.01*^  Ag  (1.575  g/  liter  and  0.1575  g/  liter  AgNOs).  The  solutions  used 
for  constructing  the  calibration  curves  were  prepared  by  dilutii^  the  stock  solutions  a  short  time  prior  to  use. 

In  order  to  avoid  adsorption  of  silver  by  glass  [32],  all  the  solutions  were  stored  in  vessels  made  from  No. 

23.  29  glass  or  from  pyrexaslong  as  no  heating  was  required;  when  heating  had  to  be  resorted  to  quartz  vessels 
were  used.  A  stock  O.Ol^  solution  of  the  rhodanine  was  prepared  by  dissolving  the  reagent  in  pure  ethanol. 

/ 

A  differential  photoelectriccolorimeter  with  a  selenium  photoelement  (FEK-M)  [38]  was  used  for  measur¬ 
ing  the  light  absorption  of  the  silver -rhodanine  suspensions.  Absorption  measurements  were  carried  out  in  cuvettes 
with  a  layer  thickness  of  the  solution  of  8  mm  and  with  a  capacity  of  2.5  ml.  The  absorption  of  the  suspensions 
was  measured  relative  to  air,  i.e.,  no  cuvette  was  placed  in  the  reference  beam  of  the  photocolorimeter.  The 
operating  value  of  the  optical  density  taken  for  determining  the  silver  concentration  was  the  value  obtained  after 
substractir^  die  optical  density  of  the  correspondii^  cuvette  containing  water  or  control  solution,  which  had  been 
measured  in  turn  with  respect  to  air. 

The  maximum  absorption  of  the  suspensions  was  found  to  lie  at  470-480  mp.  The  most  suitable  light 
filter  in  this  case  is  a  blue  filter  made  from  SS-8  glass.  The  calibration  curves  used  for  determining  silver  in  the 
test  solutions  were  constructed  on  the  basis  of  the  optical  density  of  standard  solutions  obtained  under  the  same  con- 
conditions  as  those  used  for  the  test  solutions. 

Establishment  of  the  Conditions  Necessary  to  Carry  out  an  Analysis 

The  optimum  concentrations  of  nitric  acid  and  rhodanine  in  the  test  solution  were  found  to  be  0.095  N  HNO| 


and  0.00075^  rhodanine. 

Experiments  showed  that  the  values  of  the  optical  density  of  solu¬ 
tions  containing  gelatin  (2  *  10~’  g/  liter)  are  high  because  of  increased 
scatterii^.  However,  the  values  of  the  absorption,  expressed  relative  to 
the  absorption  of  the  corresponding  control  solutions,  agreed  among 
themselves. irrespective  of  the  presence  of  gelatin.  Accordingly,  the 
fact  that  gelatin  is  present  does  not  interfere  with  the  use  of  the  rhodanine 
method. 

In  order  to  be  able  to  carry  out  an  analysis  of  a  sensitogram 
rapidly  and  without  excessive  loss,  it  was  desirable  to  dissolve  the  silver 
contained  in  the  field  of  the  sensitogram  directly  in  nitric  acid,  by 
heating,  and,  at  the  same  time  without  detaching  the  film.  Appro¬ 
priate  experiments  showed  that  careful  heating  of  die  solutions  until 
they  were  boiling  gently  did  not  affect  the  absorption  of  the  silver- 
rhodanine  suspensions. 

At  the  same  time  it  was  found  diat  the  presence  in  the  standard 
solutions  of  lumps  of  photographic  film  completely  free  from  silver  salt 
could  favor  some  increase  in  the  absorption  of  the  suspension.  Accordingly, 
turnings  of  unexposed,  carefully  fixed,  and  well-washed  and  dried  pieces 
of  film  with  a  diameter  of  5  mm  (0.2  cm*)  were  introduced  into  the  solu¬ 
tions  to  be  used  for  the  calibration.  By  doing  this  experiment  it  was 
found  that  lumps  of  film  have  no  significance  whatever  the  volume  of 
solution.  Only  at  concentrations  of  silver  higher  than  1  pg  /ml  was  there 
observed  a  tendency  to  a  decrease  in  absorption  in  the  case  where  one 
circle  of  film  was  placed  in  50  and  100  ml  of  solution.  We  used  a  cali¬ 
bration  curve  obtained  on  measuring  solutions  containing  one  piece  of 
film  per  50  ml,  since  at  concentrations  of  silver  greater  than  0.6  pg/ml, 
die  volume  to  which  it  was  diluted  was  not  less  than  50  ml.  At  a  silver 
concentration  of  0.03  pg  /ml  the  value  of  the  optical  density  with  re¬ 
spect  to  the  control  solution  was  equal  to  0.005,  while  for  a  silver  con¬ 
centration  of  0.05  pg/  ml  it  was  0.010.  Thus,  a  change  of  0.02  pg/ ml 
insilver  concentration  led  to  a  change  of  0.005  in  the  optical  density. 

The  sensitivity  of  the  apparatus  in  this  part  is  0.5  galvanometer  scale 
division  for  AD  =  O.QOl.  Accordii^ly,  the  limidr^  concentration  can 
be  regarded  as  0.004  pg/ ml.  In  order  to  increase  the  reliability  of  dte 
experimental  results,  we  considered  that  the  sensitivity  of  the  reaction 
is  not  equal  to  this  limiting  concentration,  but  to  0.04  p  g/  ml.  Since 
the  cuvettes  we  used  could  hold  2.5  ml  of  solution,  then  it  should  be 
possible  to  determine  0.10  p  g  of  silver  in  the  area  of  film  taken. 

The  experimental  error  in  determining  silver  was  establidied  by 
carrying  out  parallel  measurements  of  the  absorption  of  suspensions 
after  addii^  rhodanine  to  separate  aliquots  of  silver-salt  solutions;  it 
was  found  to  be  l-07o.  Measurements  were  carried  out  on  solutions  with 
silver  concentrations  tanging  from  0.15  to  1.8  pg/  ml  (Table  1). 

The  reproducibility  of  the  experiments  is  illustrated  by  the  co¬ 
incidence  between  the  calibration  curves  obtained  on  different  days 
(Fig.  1),  and  also  by  the  values  of  die  relative  errors  obtained  in 
parallel  experiments  (Table  2).  Here  are  included  encxrs  connected 
with  the  heterogeneity  of  die  layer  in  die  field  of  the  sensitogram, 
which,  in  turn,  may  be  the  result  of  bodi  uneven  flow  of  the  photo¬ 
graphic  emulsion  and  of  uneven  treatment  of  the  layer  after  exposure. 


TABLE 


497 


TABLE  3 


Optical  den¬ 
sity  of  the 
sensitogram 
field.  D 

Amount  of  3  N  HNOs  used  for 
dissolving  the  silver,  ml 

Pinal  volume  of  the  test  solu¬ 
tions  (before  addition  of  the 
rhodanine),  ml 

Panchrome  type 
10  (with high 
silver  content) 

MZ  positive 
(with  low  sil¬ 
ver  content) 

Panchrome 
type  10 

MZ 

positive 

0,01-0,1 

0,17 

0,17 

5 

5 

0,1  —0,5 

0,67 

0,67 

20 

20 

0,5  -1,0 

1,67 

0,67 

50 

20 

1,0  —1,5 

3,33 

1,67 

100 

50 

1,5  —2,0 

3,33-6,67 

1,67 

100-200 

50 

t 

0,SI 

no 

'/ 

0^ - 1 - 1 - 1 - L 

US  10  ys  tfi 

Mg/ ml  Ag 

Fig.  1.  Calibration  curves.  O)  An 
experiment  from  12/ XI;  •)  an 
experiment  from  22  /XI;  x)  an  ex- 
experiment  from  l/XII. 

In  addition,  Table  2  contains  the  results  of  parallel  determinations  of  silver  contained  in  different  places  of  a 
uniformly  exposed  layer  (experiment  No.  54).  As  is  evident  from  the  Table,  the  meaa experimental  error  lies 
within  the  limits  3*47o. 

It  is  clear  from  Fig.  1  that  the  solutions  conform  to  Beer's  law  within  the  range  0.004  to  1  pg/  ml. 

Experimental  Procedure.  From  each  area  of  the  sensitogram  was  cut  out  a  circular  piece  of  film  5  mm 
in  diameter  by  means  of  a  special  punch.  These  pieces  of  film  were  placed  in  quartz  test  tubqs.  Into  each  of 
these  test  tubes  was  introduced  3  N  HNOj  in  various  amounts  depending  on  the  expected  silver  content.  We  tried 
to  ensure  that  die  value  of  the  optical  density  of  the  solutions  measured  lay  within  the  limits  D  =  0.08-0.2.  This 
corresponds  to  a  silver  concentration  of  0.1  to  1.0  pg/ ml. 

On  die  basis  of  these  considerations.  Table  3  contains  the  recommended  approximate  amounts  of  nitric  acid 
that  should  be  added  for  dissolving  the  silver  in  films  with  different  silver  content  of  the  emulsion.  In  addition, 
the  Tablb  also  contains  the  correspondii^  final  volumes  of  the  test  solutions,  in  separate  portions  of  which  the 
absorption  is  measured  after  addition  of  the  rhodanine.  The  nitric  acid  concentration  after  dilution  should  be 
0.1  N  in  all  the  test  tubes. 

The  silver  was  dissolved  by  heating  until  a  clear  solution  was  obtained.  The  solutions  were  diluted  after 
cooling.  To  separate  aliquots  of  these  solutions  was  added  a  O.OT^o  alcoholic  solution  of  rhodanine  at  the  rate 
of  0.4  ml  of  rhodanine  per  5  ml  of  silver  solution,  prior  to  measurements.  The  solutions  were  carefully,  and  at  the 
same  time  thoroughly  mixed  (without  any  shaking),  they  were  then  poitred  into  the  cuvette  and  their  optical  dens¬ 
ity  measured  every  1.5  to  5  minutes  (since  die  optical  density  does  not  immediately  reach  its  maximum  values) 
for  10-20  minutes,  depending  on  the  silver  concentration.  The  maximum  values,  which  also  proved  to  be  the 
most  stable,  were  used  for  subsequent  calculations.  In  the  periods  between  the  measurements  of  optical  density 


Ag  n^/ 100  cm* 


Fig.  2.  •)  Panchrome  type  10; 
O)  AM-35  negative;  x)  MZ 
positive. 
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the  cuvette  plus  suspension  was  shielded  from  l^ht. 

The  silver  concentration  was  found  from  the  values  of  the  optical  density  by  using  the  calibration  curves. 
Knowii^  the  volume  of  solution  in  which  the  silver  from  a  known  area  (0.2  cm*)  film  had  been  dissolved,  die  a- 
mount  of  silver  found  on  the  sensitogram  field  (0.4  cm*)  was  calculated  in  terms  of  g  per  100  cm*. 

Results.  We  have  carried  out  analyses  of  a  large  number  of  sensitograms  obtained  on  ftlms  of  emulsions 
with  various  silver  contents,  and  with  different  sizes  of  microcrystals. 

In  Fig.  2  are  shown  the  mean  results  for  these  sensitograms  expressed  in  mg  of  silver  per  100  cm*  for  various 
values  of  the  optical  density  of  the  layer. 

It  is  clear  from  the  diagram  that  for  different  types  of  film  the  amount  of  silver  contained  in  the  field  of  a 
sensitogram  widi  equal  optical  density  is  also  different. 

1  should  like  to  thank  G .  P.  Faerman  for  valuable  advice  given  in  carrying  out  the  work  described  here. 

SUMMARY 

Conditions  have  been  worked  out  for  determining  silver  by  means  of  dimethylaminobenzylidenerhodanine 
in  the  developed  photographic  image. 

The  method  permits  determination  of  0.04  p  g  of  silver  in  one  ml  of  solution,  or  5  *  10~*  g  of  silver  con¬ 
tained  in  100  cm*  of  a  test  layer.  The  experimental  accuracy  varies  within  l-07o  for  silver  contents  of  0.15- 
2.0  p  g  or  2  •  10”^  -  25*10  ^  g  per  100  cm*. 

The  reproducibility  is  3-4^. 
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It  is  known  that  during  the  flame-photomeuric  determination  of  the  alkaline  earth  metals,  extinction  of 
their  radiation  is  observed  when  aluminum  salts  are  present  [1-3].  When  sufficiently  high  concentrations  of  alu¬ 
minum  salts  are  used  the  calcium  and  strontium  radiation  drops  almost  to  zero,  and  this  can  be  used  for  determin¬ 
ing  alkaline  metals  present  as  impurities  in  Ca  and  Sr  salts,  since,  under  such  conditions,  interference  from  the 
background  arising  from  the  Ca  and  Sr  salts  in  the  region  of  the  analytical  lines  of  the  alkaline  n£tals  can  be 
eliminated  [4-5].  On  the  other  hand,  whenCa  and  Sr  are  to  be  determined  in  various  materials,  it  is  essential 
that  aluminum  be  removed  from  the  test  solution  [6-7],  or  its  effect  is  compensated  by  addir^  large  amounts  of 
a  salt  of  another  alkaline  earth  element  [8,  9].  In  addition  to  aluminum  salts,  an  extii^uishing  effect  on  calcium 
and  strontium  radiation  is  also  shown  by  the  salts  of  a  number  of  other  elements  —  the  strongest  are  Zr  [10],  Be, 

V,  Th,  Ti,  U,  and  Cr  [11-13].  It  has  been  suggested  that  the  extinguishing  effect  of  the  salts  of  these  elements 
depends  on  the  formation  of  compounds  of  die  mixed  oxides  of  these  and  the  alkaline  earth  metals  in  the  flame, 
and  that  this  leads  to  a  decrease  in  the  concentration  of  Ca  and  Sr  atoms  in  the  flame  gases,  and  to  a  decrease 
in  their  radiation  intensity  [3].  Using  a  method  in  which  two  sprayers  were  used  for  feeding  one  burner,  we  have 
showed  that  the  probable  reason  for  the  depressing  action  of  A1  salts  on  the  radiation  intensity  of  Ca  and  Sr  is  the 
formation  in  the  flame  of  low-volatile  compounds  between  AljOs,  CaO,  and  SrO  at  the  moment  of  evaporation  of 
a  drop  of  the  aerosol  of  the  test  solution  passing  into  the  flame;  a  drop  in  the  radiation  intensity  of  Ca  and  Sr  is 
not  observed  when  the  A1  salt  is  introduced  into  the  flame  through  another  sprayer;  this  testifies  to  a  breakdown 
in  the  passage  of  Ca  and  Sr  atoms  into  the  flame  [14].  A  similar  conclusion  has  been  made  independently  of  us 
[8]. 

It  was  of  interest  therefore  to  obtain  results  on  the  composition  of  the  compounds  formed  in  flame  gases 
between  Ca(Sr)  and  A1  or  other  extinguishing  elements.  Hitherto,,  in  this  connection,  only  hypotheses  have  been 
advanced;  thus,  it  has  been  assumed  [15]  that  Ca  and  A1  form  an  aluminate  with  the  composition  CaA]204.  How¬ 
ever,  in  the  case  of  the  extinction  of  the  radiation  of  the  alkaline  earth  metals  by  chromium,  it  could  be  con¬ 
cluded  that  in  the  compound  formed  one  atom  of  chromium  corresponds  to  one  atom  of  the  alkaline  earth  metal 
[13],  since,  at  such  a  ratio,  extinction  of  the  radiation  is  a  maximum,  and  does  not  change  on  increasing  the 
chromium  concentration  further.  The  metliod  used  for  tliis  purpose  —  studying  the  drop  in  the  intensity  of  the 

•For  communication  1  see  [14]. 
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TABLE  1 

Effect  of  Zirconium  and  Uranium  on  the  Intensity  of  Calcium  and  Strontium  Radiation 
when  Zr  and  U  are  Introduced  in  the  Same  Solution  as  Ca  and  Sr,  and  when  Zr  and  U 
are  Introduced  through  Another  Sprayer 


Concentration  of  element,  M 

- r 

Radiation  intensity  of  Ca(Sr) 
the  absence  of  Zr  (U) 

asa^of  the  intensity  in 

1 

Test  element! 

Foreign 

element 

Introduced 
in  me  same 
solution 

introduced 
through  the 

1  other  sprayer 

introduced 
in  die  same 
solution 

introduced 
through  the 
odier  sprayer 

acetylene  frame 

propane  -butane  flame 

Ca,  1(»-^ 

Zr,  10-2 

fi5 

98,5 

50 

95,5 

Ca,  10-» 

Zr,  10-* 

45 

98 

43 

99 

Ca,  2,5- 10-' 

U,  2-510-* 

73,7 

96 

88,5 

109 

Sr,  10-* 

Zr,  10-* 

21 

100 

0 

100 

Sr,  2,5- 10-* 

U.  2,5-10-* 

53 

1>3 

51,5 

98,5 

TABLE  2 

The  Solutions  Used  for  Determining  the  Composition  of  the  Compound  Formed 
between  Sr  and  Zr 


Solution 

No. 

Taken,  ml  I 

Concentration  | 

Solu¬ 

tion 

No. 

Taken,  ml 

Concen- 

2- to-'  M 

Sr 

2- to-*  M 

Zr 

X-I0-*  M  Sr 

X-10-*  M  It 

2l0->  M 

Sr 

water 

tradon 

X  io->  M 
Sr 

1 

20 

2 

1' 

20 

2,0 

2 

18 

2 

1,8 

0,2 

2' 

18 

2 

1,8 

3 

16 

4 

1,6 

0,4 

3' 

16 

4 

1,6 

4 

14 

6 

1,4 

0,6 

4' 

14 

6 

1,4 

5 

12 

8 

1,2 

0,8 

5' 

12 

8 

1,2 

6 

10 

10 

1,0 

1,0 

6' 

10 

10 

1,0 

7 

8 

12 

0,8 

1,2 

7' 

8 

12 

0,8 

8 

6 

14 

0,6 

1,4 

8' 

6 

14 

0,6 

9 

4 

16 

0,4 

1,6 

9' 

4 

16 

0,4 

10 

2 

18 

0,2 

1,8 

10' 

2 

18 

0,2 

11 

0 

20 

0 

i  2,0 

11' 

0 

1  20 

0 

TABLE  3 


Corrections  Applied  during  Construction  of  the  Curve  by  the  Isomolar>Series  Method. 
Total  Concentration  Ca+  Zr  =  10"*M.  Acetylene  Flame.  Photometric  Measurements  ^ 
Made  on  the  Basis  of  the  Line  Ca  422.7  mp 


Solution 

No. 

Concentration  of 
the  Ca  solution 

Photo - 

current 

l\1o 

Ca  solutions  (mixed  with  Zr) 

Value 

characterizing 
formation  of 
a  compound, 

I  AT  (A  -  B) 

X  to-*  M 

'"0  of  the- 

max. 

(A) 

Ca  cone- 
X  10'* 

photo-  i 
current  j 
V.°Jo  1 

Ca  cone.  1 
found ,  . 

f81  .1 

1 

1 

1 

10 

100 

100 

10 

100 

100 

0 

2 

9 

90 

93 

9 

87 

80 

10 

3 

8 

80  ! 

87 

8 

71,5 

60 

20 

4 

7 

70 

77 

7 

57,5 

47 

23 

5 

6 

60 

71,5 

6 

38,5 

30 

30 

6 

5 

50 

61 

5 

21,4 

16,5 

33,5 

7 

4 

40 

48,5 

4 

21 ,«» 

16,0 

24 

8 

3 

30 

37,5 

3 

15,2 

11,0 

19 

tt 

2 

20 

26,5 

2 

7,7 

5,(t 

15 

10 

1 

10 

13,5 

1 

2.5 

1,5 

8,5 

11 

0 

0 

0 

0 

0 

0 

(» 
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Fig.  1.  Determination  of  the  ratio  between 
the  number  of  atoms  in  the  compound  Sr^Zr 
by  the  isomolar  series  method.  Total  con¬ 
centration,  2  •  10'^  M;  acetylene  flame 
(Curves  1-3)  and  propane -butane  flame 
(Curve  4).  1)  Calibration  curve  for  Sr; 

2)  curve  for  the  solutions  of  the  isomolar 
series;  3  and  4)  difference  curves. 


Fig.  2.  Determination  of  the  ratio  between 
the  number  of  atoms  in  the  compound  Ca-Zr 
by  the  isomolar  series  method.  Total  con¬ 
centration,  Ca+  Zr  =  10'*M,  acetylene 
flame.  1)  Calibration  curve  for  Ca; 

2)  curve  for  the  solutions  of  the  isomolar 
series;  3)  corrected  calibration  curve; 

4)  corrected  curve  for  the  solutions  of  the 
isomolar  series;  5)  difference  curve. 


alkaline  earth  metal  with  increasing  concentration  of  the  foreign  element  —  could  not  be  used  for  our  purpose, 
since  the  drop  in  the  radiation  intensity  with  increasing  concentration  of  the  foreign  element  proceeded  gradually. 
Accordingly,  we  used  the  isomolar  series  method  for  determining  the  composition  of  the  compounds  ofCa  and 
Sr  with  Al,  Zr,  and  U. 


Apparatus  and  Original  Solutions.  A  flame  spectrophotometer  described  earlier  [11]  was  used,  this  con¬ 
sisted  of  a  type  UM-2  universal  monochromator,  type  FEU-19  and  FEU-22  photomultipliers,  and  a  mirror  galvano¬ 
meter;  die  flames  used  were  mixtures  of  acetylene  and  propane -butane  with  air.  In  cwder  to  clarify  the  nature 
of  die  interaction  between  zirconium  and  uranium  salts  and  Ca  and  Sr  a  burner  was  used  into  the  flame  of  which 
the  aerosol  was  introduced  through  two  separate  sprayers,  each  provided  with  its  own  spraying  chamber  [14]. 

The  (xiginal  solutions  of  calcium  nitrate  were  prepared  by  dissolving  an  aliquot  of  dried  calcium  carbonate 
(chemically  pure)  in  nitric  acid,  while  the  strontium  nitrate  solution  was  prepared  from  crystalline,  analyzed 
Sr(N03)2  •  4H2O.  Aluminum  nitrate  solution  was  prepared  from  A1(N03)3  ’  while  zirconium  and  uranyl  nitrate 

solutions  were  prepared  from  zirconium  oxychloride  ZrOClj  •  8H2O  and  U30g.respectively,by  treatment  with  nitric 
acid.  The  zirconium  and  aluminum  content  of  the  salts  was  checked  gravimetrically ,  and  was  found  to  coincide, 
within  the  limits  of  experimental  error,  with  the  theoretical  value. 

Establishment  of  the  Nature  of  the  Inter  action  Be  tween  Ca  or  Sr  Salts  and  Zr  and  U.  By  means  of  a  photo¬ 
meter  provided  with  a  burner  with  two  sprayers,  comparisons  were  made  of  the  readings  obtained  for  solutions  of 
Ca  (Sr)  and  the  readings  for  the  same  solutions,  containing,  in  addition,  zirconium  (uranium),  and  those  for  solu¬ 
tions  not  containing  Zr  (U),  but  in  which  a  solution  of  a  zirconium  (uranium)  salt  was  introduced  simultaneously 
through  the  other  sprayer  into  the  flame.  The  results  obtained  are  given  in  Table  1.  Photometric  measurements 
were  made  on  the  basis  of  the  resonance  lines  (Ca  422.7  mp  and  Sr  460.7  mp )  when  an  acetylene  flame  was  used, 
and  on  the  basis  of  the  peaks  of  the  molecular  bands  when  a  propane -butane  flame  was  used  (Ca  622  mp  and 
Sr  680  mp). 

As  is  evident  from  Table  1,  the  picture  is  the  same  as  that  observed  in  the  case  of  aluminum  [14],  zirconium 
(uranium)  salts  depress  the  radiation  intensity  of  calcium  and  strontium  only  when  they  are  introduced  into  the 
flame  in  the  same  solution,  and  have  hardly  any  effect  when  they  are  introduced  into  the  flame  through  another 
sprayer.  As  indicated  already  [14],  the  probable  reason  for  this  effect  is  the  retardation  of  the  passage  of  calcium 
or  strontium  into  the  flame  as  the  result  of  the  formation  of  low-volatile  compounds  with  zirconium  (uranium)  at 
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Al  -  /.7  -Sr 


Fig.  3.  Radiation  extinction  curve  (AI)  for 
solutions  of  isomolar  series  of  Ca  and  Sr  with 
Al.  1)  Sr-Al,  total  concentration  ^  =  10"*M, 
propane -butane  flame;  2)  Sr— Al  total  con¬ 
centration  £  =  10  *M,  acetylene  flame; 

3)  Ca-Al,  L  =  2  •  10'*M,  propane -butane 
flame;  4)  Ca-Al,  =  2*  10'*M,  acetylene 
flame. 


AI 


Fig.  5.  curve  for  solutions  of  the  isomolar 
series  Ca  and  Zr  (chlorides).  1)  Propane - 
butane  flame,  ^  =  2*10"*M;  2)  propane- 
butane  flame,  1  =  5*  10"^M;  3)  acetylene 
flame,  1=2*  10'*M;  4)  acetylene  flame, 

1  =  5* 

the  moment  of  evaporation  of  drops  of  solution  on  passii^ 
into  the  flame.  When  the  solution  of  a  zirconium  (urani¬ 
um)  salt  is  introduced  into  the  flame  through  another 
sprayer,  the  zirconium  (uranium)  proceeds  independently 
of  the  salts  of  the  alkaline  earth  metals  and  cannot  form 
compounds  with  the  latter. 


Fig.  4.  Al'  curve  for  solutions  of  the  iso¬ 
molar  series  Ca  and  Zr,  =  10’*M. 


Al 


Fig.  6.  Ar  curve  for  solutions  of  the  iso¬ 
molar  series  Ca  and  U.  1)  Acetylene 
flame,  1  =  5*  10'*M;  2)  acetylene  flame 
Z^  =  10  *M;  3)  propane-butane  flame, 

£  =  5  •  10  *M;  4)  propane -butane  flame, 

z:  =  10'*M. 
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Fig.  7.  AI*  curve  for  solutions  of  the  iso- 
molar  series  Sr  and  U,  Z:  =  10  *M.  1)  Acetyl¬ 
ene  flame;  2)  propane- butane  flame. 


Determination  of  the  Ratios  between  the  Number  of  MetalAtoms  in  the  Compounds  Formed.  The  isomolar 
series  method  of  Ostromyslenskii-Job  was  used  for  determining  the  composition  of  the  low-volatile  compounds 
formed.  Depression  of  the  radiation  intensity  of  the  element  in  the  flame  was  used  as  the  value  characterizing 
the  formation  of  the  compounds. 


During  tliese  measurements  corrections  were  applied  for  the  absorption  of  radiation  in  the  flame,  or  for 
changes  in  the  efficiency  of  the  operation  of  the  sprayer  for  various  concentrations  of  the  element,  by  simultaneous 
construction  of  tlie  corresponding  concentration  curve.  The  experimental  technique  [16]  can  be  illustrated  by  the 
following  example  of  the  determination  of  the  compound  of  Sr  and  Zr. 


A  series  of  solutions  containing  SrfNOj)*  and  ZrO(NC)s)2  various  concentrations  were  prepared  so  that  the 
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total  concentration  of  botii  components  amounted  to, for  example, 2  •  lO'^M.  For  this  purpose  varying  volumes  of 
2  •  lO’^M  solutions  of  Sr(N03)2  and  Zr0(N03)2  were  mixed  so  that  the  total  volume  (20  ml)  was  the  same.  At  the 
same  time  a  second  series  of  solutions  was  prepared  in  order  to  construct  a  concentration  curve,  the  same  amounts 
of  Sr(N03)2  as  in  the  first  series  being  taken,  while  water  was  used  instead  of  the  zirconium  solution  (Table  2). 

The  solutions  of  the  second  series  (1*-11')  were  photometrically  measured  amongst  themselves  either  accord¬ 
ing  to  Sr  lines  or  bands,  while  the  photocurrent  readings  were  expressed  as  percentages  of  the  stock  solution  with  a 
concentration  of  2  •  10  (1').  On  tlic  basis  of  these  results  a  curve  was  constructed  within  the  coordinates  "photo- 

current  readings  as  a  percentage  of  the  maximum  value  -  concentration"  (Fig.  1).  Next  the  solutions  of  the  first 
series  (1-11)  were  measured  amongst  tliemselves,  and  the  readings  again  expressed  as  a  percentage  of  the  solution 
with  the  highest  concentration.  By  another  method  each  of  the  solutions  of  the  first  series  was  photometrically 
measured  with  the  corresponding  solution  of  the  second  series  (2  witli  2*,  3  with  3’,  etc.),  and  the  results  obtained 
for  die  photocurrents  also  expressed  as  percentages  of  the  photocurrent  for  die  main  solution.  These  values  lie 
on  a  curve  (Curve  2,  Fig.  1).  When  the  curve  for  solutions  not  containing  Zr  is  a  straight  line,  as  in  our  case,  the 
curve  obtained  by  plotting  the  differences  on  the  ordinate  as  a  function  of  the  composition  of  the  solution  (Curve 
3,  Fig.  1),  gives  a  direct  indication  of  the  composition  of  the  compound. 

When  the  curve  for  the  solution  is  not  a  straight  line  then  a  correction  has  to  be  applied  for  the  value  of 
the  photocurrent  obtained  with  solutions  containing  Zr.  The  values  found  for  the  concentration  are  conveniently 
expressed  as  percentages  of  the  maximum^  for  this  purpose  the  scale  is  given  in  percentages  along  the  abscissa 
(Fig.  2).  The  method  used  for  calculating  is  given  in  Table  3  for  the  case  of  the  determination  of  the  compound 
formed  between  Ca  and  Zr. 

In  Fig.  3  are  shown  curves  obtained  during  the  determination  of  the  composition  of  die  compound  formed 
between  Ca  and  Sr  with  Al;  the  salts  taken  were  the  nitrates.  In  both  flames  the  maxima  of  the  curves  correspond 
fairly  accurately  to  a  molar  ratio  of  Ca(Sr)  :  Al  =  1  :  2. 

Probably,  the  extinction  of  Ca  and  Sr  radiation  in  a  flame  in  the  presence  of  aluminum  salts  is  connected 
with  the  formation  of  the  compounds  CaAl204  and  SrAl204. 

In  the  case  of  calcium  and  aluminum  when  a  propane -butane  flame  (Curve  3,  Fig.  3)  flame  is  used,  one 
has  to  assume  the  existence  of  yet  another  compound  with  a  molar  ratio  of  Ca :  Al  =  3  :  1,  which  is  more  volatile 
than  calcium  oxide. 

The  maximum  in  Fig.  4  (and  also  in  Figs.  1  and  2)  corresponds  to  a  molar  ratio  of  Ca(Sr)  :  Zr  =  1  :  1  (taken 
as  their  nitrates).  Thus,  the  probable  composition  of  the  compounds  formed  in  the  flame  corresponds  to  the  for¬ 
mulas  CaZr03  and  SrZrOs. 

In  the  case  of  solutions  of  calcium  chloride  and  zirconium  oxychloride  (Fig.  5),a  compound  which  is  poorer 
in  zirconium  is  formed;  the  maximum  of  the  curves  in  the  case  of  a  propane- butane  flame  is  found  at  a  ratio  of 
Ca  :  Zr  =  3  :  2  (the  compound  Ca3Zr207  is  probably  formed).  In  the  hotter  acetylene  flame,  depression  of  the 
radiation  intensity  of  Ca  is  not  great  and  there  is  no  sharp  maximum  on  the  curve.  Apparently,  in  the  presence 
of  chlorides,  zirconium  partially  evaporates  in  the  form  of  its  chloride,  it  evaporates  in  this  form  to  a  greater  ex¬ 
tent  than  calcium. 

In  Figs.  6  and  7  are  shown  the  curves  obtained  during  the  determination  of  the  composition  of  the  compound 
formed  with  uranium.  In  the  case  of  calcium,  extinction  of  its  radiation  is  not  great,  and  no  conclusion  can  be 
made  as  to  tlie  formation  of  one  definite  compound.  In  addition  to  the  maxima  observed  on  certain  curves  for 
a  ratio  of  Ca :  U  =  1  ;  1,  there  are  also  maxima  at  another  ratio  of  the  number  of  atoms  of  Ca  and  U.  In  the  case 
of  Sr  and  U  tliere  is  preferential  formation  of  a  compound  in  which  the  ratio  Sr  :  U  =  3  :  2,  which  could  also  in¬ 
dicate  the  formation  of  a  mixture  of  compounds  witli  a  ratio  of  Sr  :  U  =  1  :  1  and  2  ;  1. 

SUMMARY 

Rxtinction  of  the  radiation  of  calcium  and  strontium  is  only  observed  when  Zr  and  U  are  present  at  the  same 
time  in  the  Ca  and  Sr  solutions,  and  is  not  observed  when  Zr  and  U  are  introduced  into  tlie  flame  separately  from 
the  solutions  of  the  Ca  and  Sr  salts.  This  gives  a  basis  for  assuming  tliat  the  extinction  is  connected  with  formation 
of  poorly  volatile  compounds  of  Ca(Sr)  witli  Zr  and  U  at  the  moment  when  the  drops  of  the  aerosol  of  the  solution 
evaporate  in  the  flame. 
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The  Isomolar  series  method  enables  one  to  establish  the  composition  of  the  compounds  formed  in  the  flame, 
by  using  the  decrease  in  the  radiation  intensity  of  the  elements  in  the  flame  as  a  factor  characterizing  the  form¬ 
ation  of  compounds. 

The  reason  for  the  extinction  of  radiation  on  using  solutions  of  A1  and  Zr  nitrates  is  the  probable  formation  of 
of  the  compounds  Ca(Sr)Al204  and  Ca(Sr)ZrOs.  In  the  case  of  Ca  and  U,  presumably,  there  is  formed  a  mixture 
of  compounds  of  different  composition,  while  in  the  case  of  Sr  and  U  there  is  formed  a  compound  in  which  the 
molar  ratio  of  Sr  :  U  =  3  :  2. 
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Several  analytical  methods  are  known  for  cerium  [1-9],  The  present  article  is  devoted  to  still  one  more 
possibility  -  a  comparatively  more  selective  and  sensitive  determination  of  cerium  in  its  quadrivalent  state  by 
means  of  o-tolidine  (3,3’-dimethylbenzidine).  The  reaction  for  the  qualitative  detection  of  cerium  by  means  of 
o-tolidine  has  been  known  for  a  long  time.  Until  recently,  however,  it  has  not  been  used  for  the  quantitative  de¬ 
termination  of  cerium. 

Cerium  is  removed  from  interfering  components  together  with  the  rare  earths  in  the  form  of  oxalates.  When 
the  test  material  does  not  contain  rare  earth  elements,  lanthanum  nitrate  is  added  and  the  oxalates  precipitated. 

For  our  work  we  used  a  solution  of  LafNOsJs  containing  12  mg  per  ml.* 

Cerium  was  coprecipitated  with  lanthanum  under  the  following  conditions:  to  the  solution  containing  cerium, 
1  ml  of  lanthanum  nitrate  solution  was  added.  After  dilutii^  with  water  to  7-8  ml,  cerium  and  lanthanum  were 
precipitated  with  an  equal  volume  of  a  cold,  saturated  solution  of  oxalic  acid.  The  precipitate  obtained  was 
filtered  on  the  next  day  through  a  filter  tube  [10]i  it  was  dried  and  then  calcined  at  800-900*.  The  precipitate 
calcined  in  this  way  contains  cerium  and  lanthanum  oxides. 

According  to  the  results  of  Meyer  and  Aufrecht  [11],  concentrated  sulfuric  acid  converts  CeO|  into  anhydrous 
cerium  sulfate  Ce(S04)2.  When  the  Ce02  is  moist  or  contains  Ce(OH)|,  then  cerous  ceric  sulfate  Ce^^k^e^'^  (504)4 
is  formed.  In  more  dilute  solutions  various  compounds  are  formed,  the  composition  of  which  varies  with  the  pH 
of  the  medium;  at  sufficiently  high  dilution  005(504)3  is  obtained.  Bearing  in  mind  this  last  fact,  we  dissolved 
the  calcined  precipitate  in  10-12  drops  of  hot  concentrated  sulfuric  acid  free  from  reducing  agents.  Under  these 
conditions  anhydrous,  yellow  00(504)3  obtained,  which  was  almost  insoluble  in  concentrated  Hj5D4.  To  this 
was  added  1  ml  of  a  O.OSlo  solution  of  o-tolidine  in  l(flo  sulfuric  acid.  After  dilutii^  to  100  ml,  the  solution  was 
measured  photometrically.  It  was  found  thereby  that  the  amount  of  o-tolidine  does  not  affect  the  color  intensity. 

0 

The  optical  density  was  measured  in  a  FEK-M  colorimeter  with  a  blue  filter  (transmission  maximum  at 
410  m/i ). 

From  Fig.  1  it  follows  that  the  solution  conforms  to  Beer’s  law  at  concentrations  up  to  3  pg  Ce/ ml.  The 
molar  extinction  coefficient  is  about  9,500.  The  reaction  with  o-tolidine  is  20  times  more  sensitive  than  that 
with  H2O2. 

It  is  known  tliat  the  oxidation  products  of  o-tolidine  which  are  formed  break  down  rapidly.  Thus,  when 
this  reagent  is  used  for  determining  chloride,  the  color  disappears  completely  after  about  five  minutes.  Under 

•  5ince  the  lanthanum  nitrate  we  had  at  our  disposal  contained  about  0.147o  Ce,  we  had  to  purify  it  specially  by 
the  method  of  Klinaev  and  5enyavin.  [12]. 


507 


TABLE  1 


Concentration  | 

Concetitration  [ 

Concentration 

pgCe  per 

Optical 

pgCe  per 

Optical 

pg  Ce  per 

Optical 

100  ml 

density 

100  ml 

density 

100  ml 

density 

30 

0,040 

73 

0,095 

150 

0,190 

30 

0,038 

73 

0,093 

150 

0,190 

30 

0,038 

102 

0,132 

150 

0,188 

73 

0,092 

102 

0,133 

150 

0,195 

TABLE  2  TABLE  3 


Ce  taken, 

Mg 

Ce  found. 
Mg 

Error  (re¬ 
lative), 

1  % 

Mineral 

Amount  of 
sample 
taken,  g 

Ce,  % 

15 

14,2 

—5,5 

Apatite 

0,5 

0,10 

15 

14,6 

-2,8 

0,5 

0,10 

15 

14,0 

— 6,6 

» 

0,1 

0,11 

15 

14,6 

—2,8 

Titanite 

0,1 

0,52 

60 

57 

—5,0 

0,020 

0,53 

120 

116 

-3,3 

Monzonite 

0,5 

2,8l0-« 

IW' 

147 

— 2,6 

0,5 

2,6- 10-3 

Fig.  1.  Calibration  curve  for  determina-  Fig.  2.  Relation  between  optical  density 

tion  of  cerium  by  means  of  o-tolidine.  and  time. 

the  conditions  which  we  used  for  our  work  the  yellow  color  was  maintained  for  hours  and  only  disappeared  on  the 
following  day.  The  color  was  completely  stable  for  20  minutes  after  addition  of  the  reagent*,  subsequently  the 
solution  slowly  grew  pale  (Fig.  2).  This  time  is  fully  sufficient  for  carrying  out  photometric  measurements. 
Changes  in  the  pH  of  the  medium  from  0  to  4  have  no  appreciable  influence  on  the  sensitivity  of  the  reagent. 

When  12  mg  of  La(N03)3  was  used  as  a  collector,  10-200  pg  of  cerium  was  coprecipitated  quantitatively. 

As  for  the  reproducibility  of  the  method,  which,  in  the  given  case  will  be  determined  mainly  by  the  com¬ 
pleteness  of  the  conversion  of  Ce^^^  into  Ce^'^  and  the  stability  of  the  oxidation  products  of  o-tolidine,  one  can 
have  an  estimate  of  it  from  the  results  given  in  Table  1. 

Bearing  in  mind  the  use  of  the  method  for  the  determination  of  cerium  in  minerals  and  rocks,  we  examined 
the  effect  of  iron,  aluminum,  manganese,  and  titanium  in  amounts  corresponding  approximately  to  their  content 
in  igneous  rocks;  viz:  Ce  :  Fe  =  1  ;  10,000;  Ce  :  Al  =  1  ;  3000;  Ce  :  Mn  =  1  :  350;  Ce  :  Ti  =  1  :  100. 

Precipitation  of  the  hydroxides  from  a  hot  original  solution  containing  15  pg  Ce,  36  mg  La(N03)3  and  the 
corresponding  amount  of  Fe,  Al,  Mn,  and  Ti  was  carried  out  with  ammonia.  On  cooling,  the  precipitate  was 
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filtered  off  and  dissolved  in  hydrochloric  acid.  This  hydrochloric  acid  solution  was  evaporated  to  a  volume  of 
2-3  ml  and  diluted  with  10  ml  of  water ;  to  this  solution  was  then  added  3CfVo  HjOj  dropwise  In  order  to  bind  the 
titanium;  80  ml  of  a  cold,  saturated  solution  of  oxalic  acid  was  finally  added.  The  solution  was  heated  for  one 
hour  at  80’.  The  lanthanum  oxalate  did  not  precipitate  immediately,  but  only  after  a  definite  time  interval  dur¬ 
ing  which  the  solution  had  to  be  stirred?  The  precipitate  was  filtered  on  the  next  day  through  a  filter  tube 
fitted  widi  a  sleeve,  after  which  it  was  calcined  at  800*.  The  oxides  obtained  were  dissolved  in  hydrochloric  acid, 

0.1 -0.2  g  of  hydroxylamine  hydrochloride  was  added  to  reduce  Mn^^  to  Mn^^,  and  the  hydroxides  precipitated  with 
ammonia  in  a  centrifuge  tube,  after  which  the  solution  plus  precipitate  were  heated  far  five  minutes  on  a  water 
bath.  The  precipitate  was  centrifuged,  washed  with  27o  ammonia  containit^  a  small  amount  of  ammonium  chloride, 
and  then  dissolved  in  the  minimum  volume  of  hydrochloric  acid.  The  oxalates  were  precipitated  with  10  ml  of 
oxalic  acid  solution.  The  precipitate  was  heated  for  one  hour  at  80*;  it  was  filtered  on  the  next  day  and  calcined 
at  800*.  Ten  drops  of  hot,  concentrated  sulfuric  acid  was  added  to  tlie  oxides  obtained,  and  the  whole  mixed  with 
a  dry  glass  rod;  one  ml  of  the  o-tolidine  solution  was  added,  the  whole  mixed  again  for  one  minute,  the  solution 
was  diluted  with  water  and  then  photometrically  measured.* • 

It  is  clear  from  Table  2  that  under  the  conditions  described  above  cerium  is  almost  completely  coprecipitated. 
This  means  that: 

1)  Even  in  the  presence  of  relatively  large  amounts  of  iron  and  aluminum,  in  all  jx-obability,  soluble 
cerium  oxalate  complexes  of  these  elements  are  not  formed. 

2)  By  precipitating  the  hydroxides  first  and  then  the  oxalates,  manganese  is  not  coprecipitated  in  the 
presence  of  hydroxylamine  hydrochloride. 

The  fact  that  a  number  of  elements  are  not  coprecipitated  with  lanthanum  oxalate  is  also  connected  with 
the  fact  that  precipitation  is  carried  out  in  an  acid  medium.  Thorium,  yttrium,  neodymium,  praseodymium, 
yterbium,  terbium,  and  samarium  do  not  interfere. 

The  method  suggested  has  been  used  for  the  determination  of  the  cerium  content  of  apatite,  titanite,  and 
monzonite  (Table  3). 

During  analysis  of  monzonite  certain  elements  were  precipitated  with  the  oxalate  precipitate,  but  during 
subsequent  treatment  with  sulfuric  acid  these  elements  did  not  dissolve.  In  such  cases,  prior  to  carrying  out  photo¬ 
metric  measurements,  the  solutions  had  to  be  filtered  through  a  very  fine  paper  filter.  Filtration  does  not  affect 
the  optical  density  of  the  solutions. 

Monzonite  contains  a  large  number  of  microcomponents,  interference  from  which  could  not  be  accurately 
forecast  beforehand.  Accordingly,  to  a  solution  of  0.5  g  of  the  mineral  containing  14  pg  Ce  was  added  10  pg  of 
additional  cerium.  23.4  pg  of  Ce  was  found.  This  indicates  that  no  cerium  is  lost  during  the  analysis. 

SUMMARY 

It  has  been  shown  that  cerium  can  be  determined  fairly  selectively  and  sensitively  by  means  of  o-tolidine. 
Cerium  is  isolated  as  its  oxalate  with  lanthanum  oxalate  as  a  collector.  The  oxalates  are  converted  into  oxides 
which  are  then  dissolved  in  hot  concentrated  sulfuric  acid.  The  o-tolidine  solutionis  added  and  the  optical 
density  of  the  yellow  solution  obtained  is  measured.  The  molar  extinction  coefficient  is  9,500. 

Cerium  can  be  determined  in  the  presence  of  thorium  and  rare  earths,  and  in  the  presence  of  large  amounts 
of  iron,  aluminum,  manganese,  and  titanium. 

The  method  has  been  used  for  the  determination  of  cerium  in  apatite,  titanite,  and  monzonite. 
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The  methods  which  are  most  widely  used  for  the  determination  of  microgram  amounts  of  thorium  are  photo¬ 
metric  methods  involvii^  the  use  of  the  reagents  thoron  [1-5]  and  arsenazo  [6-8].  The  insufficient  selectivity  of 
the  reagents  indicated,  however,  necessitates  careful  purification  of  thorium  from  accompanyii^  elements  such 
as  Zr,  Ti,  Fe,  Al,  and  also  sulfates,  phosphates,  and  fluorides, which  interfere  with  the  determination  even  when 
present  in  very  small  amounts. 

Recently,  one  of  us  suggested  the  reagent  l,8-dihydroxynaphthalene-3,6-disulfonic  acid  2,7-bis  [<-azo-I>- 
2-phenylarsonic  acid],  called  arsenazo  III  for  short,  for  the  determination  of  thorium  and  a  number  of  other  ele¬ 
ments  [9].  This  reagent  enables  thorium  to  be  determined  in  the  presence  of  large  amounts  of  other  elements. 

The  exception  is  the  rare  earths,  the  presence  of  which  in  amounts  100-150  times  that  of  thorium  cannot  be 
tolerated. 

The  reagent  arsenazo  II  [10]  is  the  best  analog  of  the  well-known  reagent  arsenazo  (uranon)  [6],  The  syn¬ 
thesis  of  arsenazo  has  been  described  before  [11].  Arseanzo  II  has  a  number  of  advantages  over  arsenazo  I  as  well 
as  over  many  other  reagents  which  have  been  suggested  for  thorium.  The  most  important  one  is  the  possibility 
of  determinii^  thorium  in  fairly  acid  solutions  (0.1-0. 6  N  HCl),  and  in  the  presence  of  the  rare  earths,  and  also 
in  the  presence  of  sulfates,  phosphates,  and  other  materials. 

In  acid  solutions  arsenazo  II  reacts  with  Th,  Zr,  Ti,  U^'^,  and  Fe^^^,  in  weakly  acid  and  neutral  solutions 
it  reacts  with  Al,  u'^^,  Cr,  Cu,  total  rare  earths,  etc.  The  absorption  curve  of  the  reagent  and  of  its  compound 
with  thorium  is  shown  in  Fig.  1.  The  selectivity  of  the  determination  of  thorium  with  arsenazo  II  was  ensured 
by  choosii^  a  suitable  acidity  and  using  maskir^  agents.  In  a  medium  of  0.2  N  HCl,  the  influence  of  almost  all 
the  elements  is  reduced  to  a  minimum,  while  maskir^  of  thorium  by  phosphates  and  sulfates  is  still  low.  Large 
amounts  of  zirconium  and  titanium  interfere,  but  small  amounts  can  be  masked  by  phosphates  specially  introduced 
for  this  purpose  into  solution.  Two  fig  of  Ti,  3  fig  Zr,  4-8  fig  Nb  and  Ta,  5  fig  Fe^^^,  5  fig  Cr^^,  5  fig  Mo,  V, 
and  W,  40  fig  u'^^,  0.5-1  mg  Al  and  10-150  mg  K,  Na,  Ca,  Mg,  total  rare  earths,  and  Fe^^  do  not  interfere  with 
the  determination  of  10  fig  Th.  The  minimum  amount  that  can  be  determined  is  5-10  fi  g  Th. 

In  choosing  the  scheme  used  for  separating  thorium,  the  properties  of  arsenazo  II  were  borne  in  mind;  these 
permit  determination  of  thorium  in  the  presence  of  large  amounts  of  the  rare  earths  and  small  amounts  of  zirconium, 
titanium,  niobium,  and  tantalum.  This  enabled  us  to  use  the  simplest  scheme.  The  test  material  is  decomposed 
by  2-3  evaporations  with  hydrofluoric  acid.  During  diis  stage  a  large  part  of  the  zirconium,  titanium,  niobium, 
tantalum,  aluminum,  iron,  and  uranium  (VI)  which  form  soluble  fluoride  complexes  is  removed,  while  the  thorium 
remains  in  the  precipitate  together  with  the  rare  earths  and  calcium  .which  act  as  carriers  for  thorium.  The  scheme 


chosen  for  separatii^  the  impurities  can  be  represented  as  follows: 


I  weight  of  rock 
0.5-1  g 

decomposition  with  HF 


solution: 

precipitate  Th,  Ca,  P,  total 

Ti,  Zt,  Nb,  Ta,  Al,Fe, 

rare  earths  (traces  of  Fe,  TI, 

yVI 

Zr,  Nb,Ta) 

(discarded) 

possible  variants 


fluoride 

reprecipitation 

oxalate 

precipitation 

chromatographic 

separation 

1 


photometric  determination 
with  arsenazo  II 


A.  Fluoride  Re  precipitation.  The  fluorides  were  reprecipitated  by  the  action  of  hydrofluoric  acid  on  the 
precipitate  of  hydroxides  obtained  after  dissolving  the  first  precipitate  of  fluorides  in  hydrochloric  acid  and  pre¬ 
cipitating  with  ammonia.  The  carrier  for  thorium  was  the  rare  earths  plus  calcium, which  are  isolated  together 
with  thorium  from  the  rock.  When  the  rock  only  contains  a  small  amount  of  these  elements,  an  additional  15-20 
mg  of  one  of  them  should  be  added  in  order  to  ensure  the  fullest  possible  coprecipitation  of  thorium.  The  filtered 
precipitate  of  fluorides  was  dissolved  and  evaporated  several  times  with  concentrated  hydrochltxic  acid  in  order 

to  remove  F"  ions,  and,  after  dissolving  the  dry  residue  in  HCl  (1  :  10)  thorium  was  determined  with  arsenazo  II. 

A  determination  takes  6-8  hours. 

B.  Oxalate  Precipitation,  \fter  fluoride  decomposition  of  the  sample  and  removal  of  F’  ions  by  evaporation 
with  HC1+  HCIO4,  thorium  was  precipitated  homogeneously  with  the  oxalates  of  the  rare  earths  or  calcium  using 
acetonedioxalic  acid  under  the  acidity  conditions  recommended  by  Kuznetsov  and  Nikol'skaya  [7],  and  the  con¬ 
ditions  recommended  for  calcium  by  Zalkovskii  and  Gerkhardt  [8].  The  oxalates  were  filtered  off,  ignited,  and 
the  oxides  dissolved  in  HCl  (1 :  10),  after  which  thorium  was  determined  photometrically  with  arsenazo  II.  The 
determination  takes  24  hours. 

C.  Chromatographic  Separation  of  the  Impurities.  Final  purification  of  thorium  from  impurities  after  fluoride 
decomposition  was  also  carried  out  by  means  of  ion  exchange.  For  this  purpose  we  used  the  Russian  resin  KlI-2  in 
the  H-form  (100  mesh),  which  sorbs  from  the  1  N  hydrochloric  acid  solution  obtained  by  dissolving  the  hydroxides, 
both  thorium  and  the  interfering  elements.  But  their  sorption  stability  is  different:  zirconium,  niobium,  tantalum, 
and  titanium  ate  eluted  completely  with  7  ml  of  0.1  N  oxalic  acid,  while  thorium  is  held  back  on  the  resin  and 
passes  into  die  eluate  on  subsequently  passing  20-25  ml  of  a  saturated  ammonium  oxalate  solution  through  the  resin. 
The  conditions  for  the  chromatographic  separation  of  thorium  and  the  accompanying  impurities  are  as  follows: 
column  diameter,  7  mm;  height  of  resin  column  120-130  mm;  rate  at  which  the  solution  is  passed  through  the 
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TABLE  1 

Completeness  of  Separation  of  Impurities  in  Various  Analytical  Schemes 


Sample 


1 

i 

I 

2 

3 

Separation 
sche  me 

Th  :  Zr 

Th  :  Tl 

Th  :  (Nb  +  Ta) 

Th  ;  Zr 

Th  :  Tl 

Th  :  (Nb+Ta) 

Th  :  Zr 

Ratio  in  the 
rock 

1  :  126 

1 ;  309 

1 

1:  21 

1 ;  111 

1:  80 

1;  15 

1:  400 

After  fluoride 
decomposition 

1  :  12 

1;  105 

1 ;  1 

1 ;  15 

1 :  40 

1 :  2 

1 ;  20 

After  fluoride 
reprecipitation 

1 :  0,25 

1 :  0,4 

1 :  0,1 

1:0,0 

1:0,18 

1;  0,3 

— 

After  fluoride -ox  a - 
oxalate 
treatment 

1:  0,4 

After  fluoride - 
chromato¬ 
graphic 
separation 

1:  0,3 

1 :0,2 

1:  0,1 

Note.  Control  of  the  degree  of  separation  of  the  impurities  was  effected  with  the  help 
of  the  radioactive  isotopes  Zr*,  Nb*.  Ta^®  according  to  dieir  y -radiation.  Titanium 
was  determined  by  oscillographic  polarography. 


column  10-12  drops/ min.  The  eluate  obtained  containing  thorium  was  evaporated  to  dryness,  and  the  oxalate 
ions  destroyed  by  boilii^  with  20  ml  concentrated  HNO3.  In  order  to  remove  NOs"  ions,  the  mixture  was  eva¬ 
porated  diree  times  with  hydrochloric  acid,  and  tlie  dry  residue  obtained  then  dissolved  in  HCl  (1  :  10),  and  the 
thorium  determined  in  the  solution  obtained  photometrically  with  arsenazo  II.  The  fluoride-chromatographic 
method  takes  12  hours. 

In  Table  1  are  given  the  ratios  of  thorium  and  some  of  die  impurities  before  and  after  separation.  As  is 
evident  from  this  table,  all  the  methods  of  separation  studied  lead  to  satisfactory  ratios  of  thorium  and  impurities 
in  the  final  products. 

At  the  same  time  completeness  of  ex  traction  of  thorium  was  checked  by  means  of  its  radioactive  isotope  UXI, 
by  measuring  die  soft  3 -radiation  of  UXII  found  in  equilibrium  with  the  former.  It  was  found  that  the  total  loss 
of  thorium  throughout  the  whole  analytical  procedure,  whatever  separation  scheme  was  used,  lies  within  the  limits 
l2-l4yo. 

Table  2  contains  results  for  the  determination  of  thorium  carried  out  by  the  three  schemes  described:  sample 
1,  melanocratic  aegirite  luyavrite;  sample  2,  evdialite  luyavrite;  sample  3,  foyalte  and  evdialite;  sample  4, 
foyaite;  sample  5,  alaskaite  granite;  samples  6  and  7,  porphyritic  syenite;  sample  8,  pegmatold  syenite;  sample 
9,  foyaite  and  murmanite.  Determination  of  thorium  in  monazites  has  been  described  previously  [12]. 

As  is  evident,  all  three  methods  using  arsenazo  II  give  results  in  agreement  with  each  other,  and  also  with 
those  of  other  methods.  Accordingly,  the  decisive  choice  of  the  scheme  to  be  used  for  separating  thorium  is  de¬ 
termined  solely  by  the  rapidity  and  convenience  of  the  operadons.  We  think  that  two  variants  can  be  recommended 
a  double  fluoride  and  a  fluoride -oxalate  precipitation. 

Double  Fluoride  Precipitation.  0.5-1  g  of  finely  ground  rock  is  moistened  with  water  in  a  150-200  ml 
platinum  basin;  it  is  treated  with  10-15  ml  of  concentrated  HF  and  evaporated  to  dryness  on  a  sand  bath.  To  the 
dry  residue  is  added  10-15  ml  of  HF  and  the  mixture  heated  on  a  sand  bath  to  a  small  volume;  it  is  diluted  with 
30-40  ml  of  water  and  heated  for  10-15  minutes.  After  cooling  to  room  temperature,  the  fluorides  are  filtered 
through  a  9  cm  "blue  band"  filter  (a  polyethylene  funnel  or  an  ordinary  funnel  which  has  been  covered  with 
paraffin  is  used),  and  washed  first  with  dilute  HF  (1  :  20),  and  then  with  water  which  had  been  used  beforehand 
for  washing  the  platinum  basin.  The  washed  precipitate  is  then  washed  off  the  filter  paper  into  the  same  platinum 
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Fig.  2.  Calibration  curve. 


basin,  8-10  ml  of  concentrated  HF  is  added  and  the 
Fig.  1.  Absorption  curves  for  a  mixture  heated  until  the  fluorides  have  dissolved  com- 

2.5*  10'®M  solution  of  arsenazo  pletely.  The  solution  is  evaporated  almost  to  dryness, 

II  (1)  and  a  2.5*10~^M  solution  it  is  diluted  vfith  water  and  again  evaporated  to  a  small 

of  the  complex  of  thorium  and  volume.  After  dilutii^  with  water  to  10-15  ml  the 

arsenazo  II  (2).  SF-4  spectro-  hydroxides  are  precipitated  with  ammonia;  after  stand- 

photometer,  10  mm  cuvette.  ing  for  15  minutes  the  hydroxides  are  filtered  off  and 

washed  with  ammonia  water.  The  washed  hydroxides 

are  transferred  from  the  filter  paper  into  the  same  basin  once  again  and  treated  with  10-15  ml  of  concentrated 
HF.  After  heating  the  solution  on  a  sand  bath  and  subsequently  cooling  it,  the  fluorides  are  filtered  off  as. in  the 
first  operation,  they  are  washed,  and  then  washed  off  the  filter  into  a  50  ml  beaker.  The  platinum  basin  is  washed 
with  a  total  of  15-20  ml  of  hot  concentrated  HCl  taken  in  small  portions,  which  are  also  added  to  the  contents 
of  the  beaker.  The  solution  is  carefully  evaporated  on  a  sand  bath,  two  lots  of  2-3  ml  of  HCl  being  added.  The 
dry  residue  is  dissolved  in  5  ml  HCl  (1  :  10),  and  transferred  through  a  moist  5  cm  filter  paper  into  a  25  ml  stand¬ 
ard  flask.  The  beaker  is  rinsed  with  water, which  is  combined  with  the  main  solution.  Into  the  standard  flask  is 
introduced  10-20  mg  of  ascorbic  acid,  2  ml  of  a  O.07o  solution  of  NaH2P04  •  2H2O,  5  ml  of  a  0.1°}o  solution  of 
arsenazo  II,  and  the  volume  made  up  to  the  mark  with  water.  The  solution  is  mixed,  and  after  five  minutes  its 
optical  density  is  measured  on  a  FEK-M  photocolcximeter  with  a  red  filter,  using  a  50  ml  cuvette.  The  thorium 
content  is  determined  from  the  calibration  curve  (Fig. 2  ).  The  reference  solution  is  one  containing  all  the  rea¬ 
gents  with  the  exception  of  thorium. 

Fluoride -Oxalate  Method.  Decomposition  of  0.5-1  g  of  the  rock  with  hydrofluoric  acid  and  separation  of 
the  fluoride  precipitate  is  carried  out  as  described  above.  The  fluorides  obtained  are  treated  in  a  platinum  basin 
with  a  mixture  of  1  rnl  of  HCIO4  and  0.5  ml  HCl  while  heating  on  a  sand  bath.  The  solution  is  evaptxated  to  dry¬ 
ness  and  the  dry  residue  treated  twice  with  5-10  ml  of  concentrated  HCl,  the  mixture  being  evaporated  to  dryness 
each  time. 

When  the  rare  earths  are  used  as  the  coprecipitant  the  following  analytical  procedure  is  used:  die  dry  residue 
of  chlorides  is  dissolved  in  15  ml  of  1.5  N  HCl  and  transferred  to  a  200  ml  beaker,  the  basin  being  rinsed  with  water. 
A  solution  containing  20  mg  of  the  rare  earths  is  added,  and  the  volume  made  up  to  100  ml  with  water.  When 
calcium  is  used  as  the  coprecipitant  the  dry  residue  of  chlorides  is  dissolved  in  5.0  ml  of  1.5  N  HCl,  the  solution 
is  transferred  to  a  200  ml  beaker  and  the  basin  rinsed  with  water;  a  solution  of  calcium  chloride  containing  40  mg 
Ca  is  then  added,  this  is  followed  by  a  saturated  solution  of  sodium  acetate  until  the  pH  is  about  5  (coi^o  red), 
and  the  volume  made  up  to  100  ml  with  water.  Subsequently,  in  both  cases  (rare  earths  or  calcium  as  the  copre¬ 
cipitant)  15-20  ml  of  acetonedioxalic  acid  is  added  and  the  solution  boiled  for  15  minutes;  it  is  finally  left  over¬ 
night.  On  the  following  day  the  precipitate  of  oxalates  is  filtered  through  a  "blue  band"  or  a  double  "white  band" 
filter;  it  is  washed  3-4  times  with  a  l®7o  solution  of  oxalic  acid;  the  filter  paper  plus  precipitate  is  transferred  to 
a  porcelain  crucible  in  which  they  are  ignited,  and  then  calcined  at  600-700*.  The  oxides  are  dissolved  in  3-5  ml 
of  concentrated  HCl  and  the  solution  evaporated  to  dryness  on  a  water  bath.  The  residue  is  dissolved  in  5  ml  HCl 
(1  :  10)  and  the  solution  uansferred  to  a  25  ml  standard  flask  (if  the  solution  is  turbid,  it  is  filtered).  The  conditions 
used  for  the  subsequent  photometric  determination  have  been  described  in  the  previous  section.  The  only  difference 
in  this  case  is  that  20  mg  of  the  rare  earths  or  40  mg  of  Ca  are  added, respectively, to  the  zero  and  standard  solutions. 
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SU  MMARY 


A  photometric  method  has  been  developed  for  the  determination  of  small  amounts  of  thorium  (10'*-10"^o) 
in  rocks  by  means  of  arsenazo  II.  Two  methods  are  recommended  for  separating  thorium:  a  double-fluoride  and 
a  fluoride-oxalate  precipitation. 

Determination  of  thorium  by  the  first  method  takes  6-8  hours,  while  by  the  second  method  it  takes  24  hours. 
In  both  variants  the  over-all  loss  of  thorium  does  not  exceed  12-14^. 
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The  methods  used  for  determining  thorium  in  monazite  concentrates  are  long  and  difficult.  The  use  of  ion 
exchange  enables  its  determination  to  be  speeded  up  and  simplified  considerably.  A  number  of  chromatographic 
methods  are  known  for  separatii^  thorium  from  uranium  [1-4],  the  rare  earths  [5-8],  zirconium  and  hafnium  [9- 
11].  The  ion  exchange  chromatographic  method  is  used  both  for  monazite  sands  and  for  other  ores  containing 
thorium.  The  strongly  basic  anion  exchange  resin  Amberlite  IRA -400  in  the  S04-form  is  used  for  separating 
thorium  in  monazite  sands  [8].  Thorium  is  sorbed  by  the  resin  in  the  form  of  the  sulfate  complex.  Subsequent  de¬ 
sorption  of  thorium  is  carriedout  with  2  N  hydrochloric  acid.  The  cation  exchange  resin  IRA -120  and  the  anion 
exchange  resin  Dowex-1  are  used  for  the  determination  of  thorium  in  lignites  [12].  In  addition,  thorium  can  be 
separated  from  other  elements  on  cellulose  and  other  sorbents  [13,14]. 

In  the  work  described  here*  sorption  of  thorium  from  hydrochloric  acid  solutions  on  KU-2  cation  exchange 
resin  [15]  with  subsequent  complexonometric  titration  of  thorium  in  the  presence  of  xylenol  orange  [16],  was  used. 

Thorium  is  quantitatively  sorbed  on  the  cation  exchange  resin  KU-2  from  a  35%  hydrochloric  acid  solution 
(Table  1). 


TABLE  1 

Completeness  of  Sorption  of  Thorium  on  the  Cation  Exchange  Resin  KU-2  as  a  Function 
of  Hydrochloric  Acid  Concentration  (31.1  *ng  Th  taken) 


Hydrochloric 
acid  ^ncentra- 
tidn.vo  by  volume 

Th  found 
mg 

Th  sorbed, 
% 

Hydrocliloric  acid 
concentration, 

%  bv  volume 

Th  found, 
mg 

Th  sorbed, 
% 

5 

31,1 

99,9 

30 

31,1 

99,9 

10 

30,9 

99,5 

35 

31,1 

99,9 

15 

31,1 

99,9 

40 

30,7 

98,7 

20 

30,8 

99,1 

45 

30,1 

96,7 

25 

31,1 

!I9,9 

•In  a  previous  paper  [17]  a  description  was  given  of  a  complexonometric  determination  of  thorium  after  precipi 
ration  of  iodates  and  oxalates  by  the  method  of  "in  situ  nascendi"  reagents. 
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TABLE  2 


Determination  of  Thorium  in  the  Presence  of  Zirconium  (30.4  mg  Th  taken) 


Introduced 

Th  found 

A  bsolute 

Introduced 

Th  found 

Absolute 

Zr, 

trihydroxy- 

error , 

7r.  tartar- 

error, 

mg 

glutaric 
acid,  g 

mg 

mg 

mg 

ic 

^c}d_ 

mg 

mg 

4.6 

1 

30,5 

-t-0,1 

4.6 

1 

30,4 

— 0,0 

4,6 

1 

30,5 

-fO.l 

4.6 

1 

30,4 

—0,0 

4,6 

1 

30,5 

-fO.l 

9,3 

1 

30,4 

—0,0 

9,3 

1 

30,5 

-t-0,1 

9,3 

1 

30,3 

—0,2 

9,3 

1 

30,3 

-0,1 

9,3 

1 

30,9 

-fO.5 

18,6 

1 

30,9 

-f-0,5 

18,6 

18,6 

1 

32,5 

-t-2.1 

18,6 

1 

30,9 

-1-0,5 

1 

35,5 

-t-5.1 

18,6 

2 

30,9 

-f0,5 

18,6 

2 

31,9 

33,0 

-fl,5 

18,6 

1  2 

1 

30,9 

-f0,5 

18,6 

2 

-1-2,6 

TABLE  3 

Determination  of  Thorium  in  Monazite  Concentrates  by  a  Comp  lex  onome  trie  Method 


! 

Mona¬ 
zite  con¬ 
centra¬ 
tion 

Th  found, (after  isolation  on  a  KlJ-2 
resin) 

! 

i 

Mean 

% 

Th  found 
fmean>after 
ppt.  of  iodates 
and  oxalates  by 
method  of  "in 
nascendi” 

Th  found." 
.fmeanl 
by  the  ^a\ 
imetric 
iodate 
method 

I 

0  -1 

7,42;  7,46;  7,52;  7,42;  7,42;  7,52;  7,48 

7,46 

7,36 

7,40 

P  -1 

6,05;  6,07;  6,11;  6,03;  (•.,(«!;  6,11 

6,06 

6,05 

6,13 

H  -1 

7,04;  7,06;  7,10;  7,03;  7,03;  7,01 

7,04 

7,01 

6,92 

K  -1 

5,44;  5,51;  5,42;  5,47;  5,51;  5,40 

5,47 

5,36 

5,40 

A 

5,25;  5,19;  5,17;  5,19 

5,20 

— 

5,18 

P 

7,52;  7,52;  7,54;  7,42;  7,46;  7,52 

7,49 

7,59 

7,52 

The  high  acidity  enhances  the  selectivity  of  the  method,  since,  in  most  cases,  this  guarantees  that  other 
elements  are  not  sorbed;  however,  as  practice  has  shown,  it  is  convenient  to  work  with  2(flo  by  volume  hydrochloric 
acid.  Thorium  is  desorbed  from  the  resin  by  means  of  a  207o  solution  of  ammonium  carbonate.  It  is  clear  from 
the  elution  curve  (Fig.  1)  that  24  ml  of  eluant,  added  in  portions  of  2-3  ml,  is  sufficient  for  complete  desorption 
of  40  mg  of  thorium. 

In  addition  to  thorium,  zirconium  and  small  amounts  of  the  rare  earths  are  sorbed  on  the  resin.  The  rare 
earths  do  not  interfere  with  the  complexonometric  titration  of  thorium.  Zirconium  interferes  with  titration  of 
thorium.  Sorption  of  zirconium  can  he  prevented  by  complexing  it  with  tartaric  or  trihydroxyglutaric  acid  (TAB 
(Table  2). 

As  is  evident  from  Table  2,  by  means  of  trihydroxyglutaric  acid  it  is  possible  to  eliminate  the  effect  of 
about  10  mg  of  zirconium,  and  by  means  of  tartaric  acid  about  5  mg  of  zirconium,  during  determination  of  30 
mg  Th. 

During  decomposition  of  monazite  with  sulfuric  acid,  large  amounts  of  phosphate  ions  pass  into  solution 
and  these  hinder  complete  sorption  of  thorium  on  the  resin.  As  a  consequence  of  this  we  decided  to  fuse  monazite 
with  sodium  peroxide  [18].  On  leaching  the  melt  with  water  a  considerable  part  of  the  phosphorus  which  separates 
is  removed  in  the  form  of  readily  soluble  sodium  phosphate,  while  on  dissolving  the  residue  in  hydrochloric  acid  • 


•The  phosphate  remaining  in  the  residue  is  sufficient  for  precipitating  zirconium  even  when  the  monazite  con¬ 
tains  about  4^  of  ZrOj  (for  a  monazite  sample  of  2  g).  The  small  excess  of  phosphate  does  not  interfere  with  the 
sorption  of  thorium. 
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the  remaining  phosphoric  acid  precipitates  the  zirconium  so  com¬ 
pletely,  that  only  0.3- 1.0  mg  of  this  element  remains  in  the  solution 
prior  to  the  sorption  step.  This  amount  of  zirconium  is  completely 
complexed  by  tartaric  or  trihydroxyglutaric  acid  and  does  not  in¬ 
terfere  further  with  the  determination  of  thorium. 

Thus,  substitution  of  an  acid  decomposition  by  fusion  with  sodium 
peroxide  not  only  cuts  down  the  decomposition  time  (1-2  hours  in¬ 
stead  of  6-8),  but  also  permits  rapid  and  convenient  removal  of  phos¬ 
phate  and  zirconium  ions  which  interfere  with  thorium  determination. 

As  a  whole  this  technique  is  more  rapid  and  less  difficult  tlian  the 
gravimetric  oxalate-iodate  metliod,  while  still  maintaining  high 
accuracy. 

Method  for  Determining  Thorium.  KU-2  resin  with  particle  size  0.3-0.16  mm  is  washed  free  from  iron  with 
a  2^0  solution  of  hydrochloric  acid,  until  the  washings  give  a  negative  reaction  with  ammonium  thiocyanate. 

The  purified  resin  is  stored  under  water. 

A  glass  column  with  a  funnel-shaped  extension  at  one  end  and  a  grounchglass  stopper  at  the  other  end  is 
used  for  the  work.  The  column  height  is  24  cm,  the  diameter  1.5  cm.  A  plug  of  glass  wool  is  placed  on  the  bottom 
of  the  column  and  20-25  ml  of  resin  poured  on  top  of  it. 

The  rate  at  which  solution  is  passed  through  the  column  should  not  exceed  1  ml/  min. 

Twogramsof  monazite  concenuate  is  fused  with  10-12  g  of  sodium  peroxide  at  600-650*  in  an  iron  or 
corundum  crucible.  The  melt  is  leached  with  hot  water.  The  residue  is  filtered  off  and  washed  with  a  solu¬ 
tion  of  sodium  hydroxide.  The  residue  is  washed  off  the  folded  filter  paper  with  hot  hydrochloric  acid  and  20  ml 
of  water  and  the  precipitate  containing  zirconium  phosphate  filtered  off.  The  solution  and  the  wash  liquors  are 
collected  in  a  100  ml  standard  flask,  5  ml  of  a  2^o  solution  of  trihydroxyglutaric  acid  or  tartaric  acid  is  added, 
and  the  volume  made  up  to  the  mark  with  water. 

A  25  ml  aliquot  is  taken  for  analysis  and  passed  through  the  column.  As  soon  as  the  solution  has  passed 
through  the  column  the  latter  is  washed  with  70  ml  of  207o  hydrochloric  acid,  added  in  10-15  ml  lots.  The  final 
portions  of  solution  issuing  from  the  column  should  be  colorless.  50  ml  of  a  2(l7o  solution  of  ammonium  chloride 
is  dien  passed  through  the  column.  All  the  solutions  issuing  from  the  column  are  discarded.  Thorium  is  then  de¬ 
sorbed  from  the  column  by  means  of  50  ml  of  a  2(f7o  solution  of  ammonium  carbonate,  which  is  added  in  5-7  ml 
lots.  The  carbonate  solution  is  collected  in  a  300  ml  beaker.  The  column  is  washed  with  20-30  ml  of  water  and 
the  solution  issuing  from  the  column  added  to  the  same  beaker.  The  beaker  is  covered  with  a  watch  glass  and 
hydrochloric  acid  (1  :  1)  added  in  small  amounts  until  all  the  ammonium  carbonate  has  been  destroyed.  The  so¬ 
lution  is  boiled  for  2-3  minutes  on  a  hot  plate.  The  watch  glass  and  beaker  walls  are  washed  with  water.  The 
volume  of  the  solution  in  the  beaker  should  not  exceed  130-150  ml. 

The  pH  of  the  solution  is  adjusted  to  2. 4-2. 6  with  ammonia  using  tx-dinitrophenol  as  indicator.  For  this 
purpose  one  or  two  drops  of  a  2f7o  alcoholic  solution  of  a  -dinitrophenol  is  added  to  the  solution  and  the  latter 
neutralized  with  ammonia  (1  :  1)  to  the  appearance  of  a  pale-yellow  color,  1-2  drops  of  hydrochloric  acid  (1  :  1) 
is  then  added. 

To  the  solution  with  a  pH  of  2. 4-2. 6  is  added  two  drops  of  a  0.5*70  aqueous  solution  of  xylenol  orange,  and 
the  solution  titrated  with  about  0.02  sodium  ethylenediaminetetraacetate  until  the  raspberry-red  color  charges  to 
lemon-yellow. 

The  sodium  ethylenediaminetetraacetate  is  standardized  against  a  standard  solution  of  thorium  using  the 
same  indicator. 

Several  samples  of  monazite  concentrates  have  been  analyzed  by  the  method  indicated  (Table  3). 

SUMMARY 

A  method  is  suggested  for  the  complexonometric  determination  of  diorium  in  monazite  concentrates  in  the 
presence  of  xylenol  orange,  after  separation  of  thorium  on  KU-2  cation  exchange  resin. 


Curve  for  the  elution  of  thorium 
from  Ku-2  resin  by  ammonium 
carbonate  solution. 
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Molybdenum  in  the  sexivalent  state  is  quantitatively  precipitated  by  8-hydroxyquinoline  from  weakly  acid 
solutions  in  the  form  of  a  greenish -yellow  compound  whose  composition,  after  washing  and  drying  at  130-140*, 
corresponds  to  the  formula  MoO^fCgHeNOJi.  In  the  form  of  this  compound  molybdenum  is  determined  gravimetri- 
cally  [1-5]  and  titrimetrically  [1,  3]  and  is  separated  from  a  number  of  accompanying  elements  [2,  6-9].  A  re¬ 
view  of  the  literature  is  given  in  Hollingshead’s  book  [10]. 

Molybdenum  in  the  quinquevalent  state  also  forms  compounds  with  8-hydroxyquinoline  [11];  however,  they 
have  not  been  isolated  in  the  individual  state  and  their  composition  had  not  been  established.*  The  possibility 
has  been  deomonstrated  of  separating  Mo^  and  Mo^^  in  the  form  of  their  compounds  with  8-hydroxyquinoline 
by  means  of  paper  chromatography  [11]. 

The  aim  of  the  work  described  here  included  a  systematic  study  of  the  interaction  of  quinquevalent  molyb¬ 
denum  with  8-hydroxyquinoline,  and  a  study  of  the  possibility  of  using  the  compounds  formed  in  analytical  che¬ 
mistry. 


EXPERIMENTA  L 

Ammonium  molybdate  solution  was  prepared  by  dissolving  the  commercial  preparation  in  water;  the  solu¬ 
tion  obtained  was  standardized  gravimetrically  by  the  8-hydroxyquinoline  method  [10],  One  ml  of  the  solution 
was  found  to  contain  1.934,  1.940,  1.928  mg  of  Mo,  an  average  of  1.934  mg  Mo/  ml.  This  stock  solution  was  di¬ 
luted  ten  times. 

The  salt  (NH^JjMoOCls  was  synthesized  by  Klason's  method  [12]. 

A  hydrazine  hydrochloride  solution  used  for  reducing  sexivalent  molybdenum  was  prepared  by  dissolving 
100  g  of  NHjNHj  •  2HC1  in  1000  ml  of  water. 

A  3yo  solution  of  8-hydroxyquinoline  was  prepared  as  follows.  Three  gram  of  8-hydroxyquinoline  was  dis¬ 
solved  in  the  minimum  amount  of  glacial  CH3COOH,  the  solution  was  diluted  with  water  to  100  ml,  ammonia 
was  then  added  dropwise  until  a  faint  turbidity  appeared,  dilute  CH3COOH  was  finally  added  to  dissolve  the  tur¬ 
bidity. 


Preparation  of,  and  Analysis  of  the  Compounds  formed  between  Quinquevalent 

Molybdenum  and _ 8  -  Hydroxyquinoline.  Experiments  showed  that,  depending  on  the  conditions 

•Trivalent  molybdenum  in  the  form  (NH4)2MoCl5  forms  with  8-hydroxyquinoline  at  room  temperature  a  black 
compound  which  is  soluble  in  acetone;  the  solution  obtained .whicli  is  red  in  color, is  unstable  on  standing,  pro¬ 
bably  as  the  result  of  the  oxidation  of  trivalent  molybdenum. 
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ition  of  die  Compound  of  Quinquevalent  Molybdenum  and  8-Hydroxyquinoline 


used,  quinquevalent  molybdenum  forms  with  8  hy- 
drojcyquinoline  2  different,  sparingly  soluble  com¬ 
pounds  which  differ  from  each  other  in  color  and 
composition. 


In  this  case  8-hydroxyquinoline  always  gives  a  pre¬ 
cipitate  with  a  greenish -yellow  color  with  quinque¬ 
valent  molybdenum.  In  order  to  prepare  it  1  g  of 
(NH4)2MoOCl6  was  dissolved  in  50  ml  of  water 
acidified  with  a  few  drops  of  concentrated  hydro¬ 
chloric  acid.  To  the  solution  obtained  was  added, 
with  vigorous  stirring,  100  ml  of  a  cold  41°  solution 
of  8-hydroxyquinoline  in  2  N  acetic  acid.  The 
greenish -yellow  precipitate  which  separated  out 
was  filtered  off  through  a  No.  3  or  No.  4  glass 
filter,  it  was  washed  first  with  cold  0.5  N  acetic 
acid  several  times,  and  then  with  cold  water,  and 
dried  in  air  to  constant  weight. 

The  filtrate  had  a  pH  of  about  3. 


Under  these  conditions  8-hydroxyquinoline  always  forms 
with  quinquevalent  molybdenum  a  black-colored  com¬ 
pound  with  a  reddish  tinge.  One  g  of  (NH4)jMoOCl5 
was  dissolved  in  50  ml  of  water  containing  a  few 
drops  of  concentrated  hydrochloric  acid.  The  solu¬ 
tion  was  heated  to  the  boil,  then  while  the  heating 
was  continued,  100  ml  of  a  hot  (60-80*)  4lo  solu¬ 
tion  of  8-hydroxyquinoline  in  2  N  acetic  acid  was 
added  witli  vigorous  stirring,  after  which  the  pH  was 
adjusted  to  3. 8-4. 2.  The  solution  plus  the  black 
precipitate  was  heated  for  a  few  more  minutes,  and 
tlie  precipitate  filtered  off  through  a  No.  3  and  No. 

4  glass  crucible,  it  was  washed  with  hot  water  and 
dried  in  air  to  constant  weight. 

In  all,  four  preparations  each  of  the  greenish- 
yellow  and  black  precipitates  were  synthesized  and 
analyzed.  Qualitative  tests  showed  that  all  the  pre¬ 
parations  were  free  from  chlorine.  The  water  of 
crystallization  in  both  molybdenum  compounds 
was  determined  from  the  decrease  in  weight  ob¬ 
served  on  drying  the  air -dry  materials  in  a  drying 
oven  at  130-140*  to  constant  weight  (1-2  hours). 

At  100-105*  preparations  of  the  greenish -yellow 
precipitate  did  not  reach  constant  weight.  On 
drying  the  black  precipitates  (obtained  at  pH 
3.8-4.2)  at  130-140*  for  1-2  hours, no  visible 
changes  were  observed.  Under  the  same  con¬ 
ditions  the  greenish -yellow  precipitate  acquired 
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Fig.  1.  Thermogravigrams  for  the  compounds  of  quinquevalent 
molybdenum  with  8-hydroxyquinoline.  1)  Black  compound; 

2)  greenish -yellow  compound..  Obtained  on  a  continuously  re¬ 
cording  balance.  The  temp>erature  was  raised  from  40  to  800* 
in  the  course  of  five  hours. 

a  yellowish -green  color.  The  molybdenum  content  was  determined  by  the  8-hydroxyquinoline  method  after  oxi¬ 
dizing  the  molybdenum  to  the  sexivalent  state  and  destroying  the  organic  matter.  For  this  purpose, to  an  accurately 
weighed  amount  of  the  preparation  (0.1-0. 2  g)  was  added  5  ml  of  a  mixture  of  1  :  1  concentrated  hydrochloric  and 
nitric  acids  and  the  whole  evaporated  almost  to  dryness  on  a  sand  batli.  This  operation  was  repeated  several  times. 
On  completion  of  the  oxidation,  50  ml  of  water  was  added  to  the  residue  and  the  solution  obtained  neutralized 
until  it  gave  a  weakly  acid  or  neutral  reaction  to  methyl  red,  the  solution  was  then  heated  to  the  boil  and  sexi¬ 
valent  molybdenum  precipitated  with  8-hydroxyquinoline  [10].  The  8-hydroxyquinoline  content  was  determined 
by  difference  (satisfactorily  coincident  results  could  not  be  obtained  in  parallel  determinations  when  an  attempt 
was  made  to  determine  8-hydroxyquinoline  by  titration  with  potassium  bromate,  or  on  the  basis  ofKjeldahl  de¬ 
terminations  of  its  nitrogen). 

The  analytical  results  (Table  1)  show  that  the  composition  of  the  black  compound  is  very  accurately  re¬ 
presented  by  the  formula  Moj03(C9HgON)4  •  HjO.  The  composition  of  the  greenish -yellow  compound  differs 
appreciably  from  that  of  die  black  compound.  The  greenish -yellow  compound  approximates  in  composition  to 
the  formula  H2Mo40ii  •  (C9H70N)j  •  llHjO.  Although  for  all  four  preparations  of  the  greenish-yellow  compound 
synthesized  at  different  limes,  comparatively  close  results  were  obtained  during  determination  of  molybdenum 
and  water,  one  could  not  be  completely  sure  that  these  compounds  were  absolutely  pure. 

The  structure  of  the  black  compound  of  molybdenum  can  be  represented  by  the  formula: 


(C9lUNC))2-MoO-  O-  MoO=  (CnHeNOla  •  HjO 


The  formation  of  two  compounds  differing  in  color  and  composition  is  apparently  related,  on  the  one  hand, 
with  the  amphoteric  character  of  8-hydroxyquinoline,  which  can  react  both  as  a  weak  acid  and  as  a  weak  base, 
and  on  the  otlier  hand,  with  capacity  of  quinquevalent  molybdenum  to  exist  in  aqueous  solutions  in  the  form  of 
different  anions  and  oxygen-containing  cations.* 

It  should  be  noted  that  quinquevalent  exhibits  a  similarity  to  quinquevalent  vanadium, which  forms  com¬ 
pounds  similar  in  character  and  yellow  and  black  in  color  with  8-hydroxyquinoline  [10]. 

•Sexivalent  molybdenum  is  known  to  react  with  8-hydroxyquinoline  as  an  acid. 
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TABLK  2 


Solubility  of  ilie  Co!np<5unds  of  Quinciuevalcnt  Molybdenum  with  8 -Hydroxy quinoline 


Compound 

Black 

Compound  j 

Black 

Solvent 

Greenish - 
yellow 

Solvent 

Greenish - 
yellow 

CCI4 

Sparingly 

Soluble  ** 

Butanol 

Soluble  * 

Soluble** 

soluble* 

CHClj 

Soluble* 

Soluble  ** 

Methanol 

Soluble  * 

Soluble  ** 

CjHsOCjHs 

Insoluble 

Insoluble 

Acetone 

Soluble  * 

Soluble  ** 

Benzene 

The  same 

Sparingly 

Methyl  ethyl 

soluble 

ketone 

Soluble* 

Soluble** 

Isoamyl  alcohol 

Soluble* 

Soluble  •• 

Cycloliexanone 

Soluble  * 

Soluble  *  * 

■  -  . 

Cyclohexane 

Insoluble 

Insoluble 

•Yellow-colored  solution. 

•  •  Red  -colored  solution. 

Quinquevalent  molybdenum  forms  colored  precipitates  or  colored  soluble  compounds  with  various  substituted 
8 -hydroxyqui nolines.  To  a  saturated,  aqueous,  weakly  acid  solution  of  the  8-hydroxyquinoline  derivative  (in  the 
case  of  r),7-dibromo-8-hydroxyquinoline  a  solution  of  the  reagent  was  prepared  in  S(fIo  acetone)  was  added  several 
drops  of  a  0.2  M  solution  of  (NH4)2Mo(XIl5  and  die  pH  of  the  solution  adjusted  with  HCl  or  NaOH  usir^  universal 
indicator  paper,  and  any  changes  observed.  Control  tests  were  carried  out  in  all  cases.  A  solution  of  8-hydroxy- 
quinoline-5-sulfonic  acid  gave  witJi  a  solution  containing  quinquevalent  molybdenum  (yellow  color)  at  room  tem¬ 
perature,  a  soluble  compound  with  an  orange  color.  When  an  alkali  solution  was  added  to  the  orange-colored 
solution  obtained  the  molybdenum  compound  did  not  hydrolyze.  When  the  weakly  acid  solution  was  stood  in  air 
for  a  long  time,  tlie  orange  color  changed  to  intense  red.  Heating  the  solution  accelerated  the  appearance  of  the 
red  color.  Tliese  qualitative  tests  showed  tliat  quinquevalent  molybdenum  forms  two  differently  colored  soluble 
complex  compounds  with  8-hydroxyquiuoline-5-sulfonic  acid. 

5,7-Dibromo-8-hydroxyquinolinc  gave  in  weakly  acid  media  (pH  2-3)  an  orange-colored  precipitate.  On 
addition  of  alkali  tlie  precipitate  decomposed. 

7-lodo- 8-hydroxyquinoline -5 -sulfonic  acid  (ferron)  in  a  weakly  acid  medium  (pH  about  2)  gave  an  intensely 
yellow-orange  color  witli  quinquevalent  molybdenum.  Ferron  slowed  down  tlie  hydrolysis  of  quinquevalent  molyb¬ 
denum  on  increasing  the  pH.  The  yellow-orange  color  of  the  solution  (pH  3)  did  not  change  on  heating. 


8,8'-Dihydroxy-r),5’-diquinolmethane  hydrochloride,  V 


'-CHo-l 


■2HCJ 


OH 


I 

OH 


precipitated  from 


solutions  containing  quinquevalent  molybdenum,  an  orange-red  amorphous-looking  precipitate,  when  the  medium 
was  weakly  acid  (pH  2-3). 

Properties  of  the  Compound  of  Quinquevalent  Molybdenum  with  8-Hydroxy- 
quinol  i  ne.  The  black  and  greenish-yellow  compounds  of  quinquevalent  molybdenum  obtained  at  pH  3.8-4.2 
and  at  pH  about  3  respectively  as  indicated  above,  hardly  changed  at  all  on  standing  for  a  long  time  in  air  (for 
at  least  several  months)  after  they  had  been  dried. 

On  heating  to  130-140*  for  1-2  hours  tlie  black-colored  compound  did  not  suffer  any  visible  changes,  while 
the  greenish -yellow  compound  gradually  became  yellow-green;  when  the  latter  was  dissolved  in  chloroform  a 
brighi-rcddisli  color  was  observed.  Dilute  solutions  of  the  black-colored  compound  of  molybdenum  had  approxi¬ 
mately  the  same  color.  This  indicates  that  on  heating  there  occurs  partial,  slow  conversion  of  the  greenish- 
yellow  compound  into  the  black  compound.  This  process  was  somewhat  more  rapid  when  the  greenish-yellow 
compound  was  allowed  to  stand  in  contact  with  tlie  mother  liquor  at  room  temperature,  particularly  on  raising  tlie 
temperature.  The  results  given  above  relate  to  tlie  black  compound  of  Mo^  obtained  at  pH  3. 8-4. 2  When  tlie 
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Fig.  2.  Absorption  curves  for  solutions  of  the  compounds  of 
quinquevalent  molybdenum  with  8-hydroxyquinoline  inCHCls. 

1)  M0|O,(C9HsNO)4  •  H,0  (1.733  mg  in  25  ml  CHCl,); 

2)  H,Mo40n  •  (C9H7NO),  .  llHjO  (1.904  mg  in  25  ml  CHCI4); 

3)  8-hydroxyquinoline  (2.61  in  25  ml  CHCI3).  The  optical 
density  was  measured  on  a  SF-4  spectrophotometer  with  a  layer 
thickness  of  one  cm,  with  respect  to  CHCls. 

black  compound  was  prepared  at  pH  2.0-3. 0  and  pH  4.7-5. 9,  most  of  it  at  a  temperature  of  140*  changed  into 
the  yellow-green  colored  compound  with  a  grayish  tinge.  It  is  of  interest  to  note  that  die  black  precipitate  ob¬ 
tained  at  pH  2.0- 3.0  on  heatii^  widi  the  mother  liquor  did  not  melt,  while  the  black  precipitate  obtained  at 
pH  4.7-5.9  melted  to  give  a  black  oily  liquid;  the  latter  on  cooling  solidified  to  a  black  dense  mass. 

All  that  has  been  said  gives  a  basis  for  assumit^  that  under  cetain  conditions  the  black-colored  compound 
may  partially  change  into  the  ye  How -green-colored  compound  and  vice  versa. 

The  thermogravigrams  (Fig.  1)  diow  that  the  greenish -yellow  and  black  compounds  of  quinquevalent  molyb¬ 
denum  with  8-hydroxyquinoline,  obtained  as  indicated  above  (p.  522-524)  differ  from  each  other  primarily  in 
their  water  content.  On  the  thermogravigram  for  the  greenish -yellow  compound  there  is  a  break  at  140-160*, 
which  presumably  corresponds  to  the  conversion  of  this  compound  into  the  black  compound.  Above  350*  the 
thermogravigrams  for  both  compounds  almost  coincide  in  character.  The  thermogravigram  of  the  greenish- 
yellow  compound  indicates  the  splitting  off  of  relatively  large  amounts  of  water  at  temperatures  below  140*. 

The  greenish -yellow  precipitate  dissolved  in  2  N  NaOH  at  room  temperature;  the  rate  at  which  it  dissolved 
increased  considerably  on  increasing  the  NaOH  concentration.  The  black  precipitate  was  almost  insoluble  even 
in  concentrated  NaOH  at  room  temperature,  but  dissolved  on  heatii^  to  give  a  green-colored  solution,  which  on 
heatit^  further  changed  to  a  greenish -yellow.  The  greenish -ye How  compound  slowly  dissolved  at  room  tempera¬ 
ture  in  dilute  HNO3  (2  N)  and  rapidly  dissolved  in  concentrated  HNO3;  on  heating  this  compound  was  soluble  in 
dilute  nitric  acid  (2  N).  The  greenish -yellow  precipitate  dissolved  slowly  in  dilute  HCl  and  H2SO4  (2  N)  at  room 
temperature,  while  the  black  precipitate  did  not  dissolve  appreciably  in  dilute  HCl  and  H2S04  (2  N)  at  room  tem¬ 
perature.  Both  compounds  were  readily  soluble  in  concentrated  HCl  and  H2SO4  at  room  temperature  and  on  heat¬ 
ing. 

The  compounds  of  quinquevalent  molybdenum  with  8-hydroxyquinoline  are  soluble  in  a  number  of  organic 
solvents  and  can  be  extracted  by  them  (Table  2).  For  the  same  solvents,  almost  identical  results  were  obtained 
with  the  air-dry  preparations  and  with  freshly  prepared  compounds  which  had  not  been  removed  from  the  mother 
liquor. 

On  adding  acetone  to  an  aqueous  suspension  of  the  black  molybenum  compound  a  red  solution  was  obtained ; 
this  was  used  for  the  photometric  determination  of  molybdenum  (see  next  page). 
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TABLE  3 


Changes  in  die  Optical  Density  of  Solutions  of  the  Compound  of  Quinquevalent  Molybdenum  with  8-Hydroxyqui- 
noline  (in  50^  acetone)  on  Standii^ 


Time  of  stand- 

Optical 

Time  on  stand- 

Optical 

Time  on  stand- 

Optical 

Time  on  stand- 

Optical 

ing,  min.* 

density 

ing,  min.* 

_ _ _ 

density 

ing,  min.* 

density 

ing,  min.* 

density 

5 

0.440 

16 

0.438 

42 

0.428 

110 

0.423 

6 

0.440 

20 

0.435 

63 

0.428 

145 

0.421 

9 

0.440 

27 

0.432 

68 

0.425 

167 

0.416 

13 

0.438 

37 

0.430 

85 

0.425 

178 

0.412 

♦The  time  is  counted  from  the  moment  when  acetone  is  added. 


TABLE  4 

Determination  of  Molybdenum  in  the  Presence  of  Foreign  Elements  (0.39  mg  Mo 
taken)* 


Added,  mg 

Ratio 
Mo:  Me 

Mo,  mg 

Added,  mg 

Ratio 
Mo;  Me 

Mo,  mg 

o 

1 

error  j 

found 

error 

0,'.)  Ca(CaCla-6H20) 

1 ;  2,2 

0,40 

^-0  01 

0,3  FefFeds-eHjO) 

1  :  0,7 

0,58 

4-0,19 

5.6  CalCaCU-GHaO) 

1  :  14 

0,43 

-f0,03' 

0,5  Mn(MnCla.4H20) 

1  : 1,2 

0.33 

—0 .06 

0,1  Mg(MgS04-7H20) 

4  : 1 

0,41 

f0,02l 

2,7  Mn(MnCl2-4H20) 

1  ;  6,8 

0,31 

—0,08 

2,4  Mg(MgS04-7H20) 

1  :6 

0.38 

-0.01 

2,7  Mn(MnCla-4HaO) 

1  ;  6 .8 

0.31 

—0,08 

4,9  Mg(MgS04-7H20) 

1  :  12,5 

0,40 

fO.Ol 

1,0  Cr(KaCra07) 

1  : 2,5 

0.38 

—0.01 

0,2  Ni{NiS04-7H..O) 

2:1 

0,41 

+  0.02 

2,0  CrfKaCraOa) 

1  : 5 

0,37 

—0,02 

0,6  Ni(NiS04-7H..0) 

1  : 1,5 

0.36 

-0.03 

4,0  Cr(KaCra07)* 

1  ;  10 

— 

0,4  Ca(CaCl2-2H2()) 

1  :  1 

0,42 

F0.03 

0,2  TifTiOj) 

2  ;  1 

0,26 

—0,13 

6,7  Ca(CaCl2-2H20) 

1  ; 16,8 

0.35 

■  0,04 

0,5  TifTiOi) 

1  :  1,2 

0,31 

— 0,08 

0,3  Zii(/uS04-7ll20) 

1  ;0,7 

0,41 

+0,02 

1,0  Ce(Ce(S04)2-4H20] 

1  :2.5 

0,30 

—0,03 

0,6  Zii(ZnS04-7H.,0) 

1  :  1,5 

0,35 

-0,04 

0,5  Cc[Cc(S04)a-4H201 

1  : 1,2 

0,31 

— 0,08 

0,1  Fc(FcClr'»H,0) 

4:1 

0.3!) 

0,00 

0,4  W(Na2WOi.2H..O) 

1  :  1 

0,10 

-0,20 

0.2  J-efFeCla-OHjO) 

2:1 

0.50 

1 

fO.ll 

0,5  W(NaaW04-2H20) 

1  :  1.2 

0,21 

—0,18 

•  The  precipitates  which  formed  did  not  dissolve  completely  in  water. 


The  absorption  curves  of  solutions  of  the  two  compounds  of  quinquevalent  molybdenum  with  8-hydroxy- 
quinoline  in  chloroform  are  shown  in  Fig.  2.  The  black  compound  shows  two  maxima,  the  first  at  397.5  mp  and 
the  second  at  550  mp  ,  while  the  greenish -yellow  compounu  shows  only  one  maximum  at  395  rrm  ,  which  almost 
coincides  with  the  first  maximum  for  the  black  compound.  The  optical  density  of  solutions  of  the  black  compound 
in  chloroform  slowly  decreases  with  time  and  after  24  hours  the  color  becomes  yellow,  die  solution  obtained  there¬ 
by  has  only  the  one  absorption  maximum  at  370  mp  .  It  is  possible  that  this  is  connected  with  die  oxidation  of 
the  compound  of  quinquevalent  molybdenum  with  8 -hydroxy quinoline  to  the  8-hydroxyquinolate  of  sexivalent 
molybdenum,  (molybdenyl  8-hydroxyquinolate). 

The  molar  absorption  coefficients  for  a  solution  of  the  black  compound  in  chloroform  are  16500  at  397.5 
mp  and  9500  at  550  mp  ;  die  molar  absorption  coefficient  for  a  solution  of  the  greenish -yellow  compound  is 
18,200  at  395  mp  . 

Photometric  Determination  of  Molybdenum 

Formation  of  the  black-colored  compound  of  quinquevalent  molybdenum  with  8 -hydroxy quinoline  can  be 
used  few  the  photometric  determination  of  molybdenum.  The  greenish -yellow  compound  of  quinquevalent  molyb¬ 
denum  is  less  suitable  for  this  purpose.  The  properties  of  the  black  molybdenum  compound  do  not  permit  its  use 
as  a  gravimetric  form. 
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g  8‘hydroxyquinoline 


Fig.  3,  Effect  of  the  amount  of  8-hy- 
droxyquinoline  on  the  optical  density 
of  solutions.  0.58  of  Mo  in  20  ml 
taken  and  20  ml  of  acetone  added.  Final 
volume  of  the  solution  50  ml. 


Fig.  4.  Conformation  of  the  solutions 
to  Beer's  law.  (The  optical  density  was 
measured  at  530  ). 


S 


Fig.  5.  Effect  of  the  amount  of  hydra¬ 
zine  hydrochloride  on  the  optical 
density  of  solutions  of 
MojOjfCjHeNO)*  •  HjO 
0.58  mg  Mo  taken  (in  13  ml). 


Fig.  6.  Duration  of  heating  during  re¬ 
duction  of  sexivalent  molybdenum  at 
various  hydrochloric  acid  concentrations; 
1)  2.6  N  HCl;  2)  1.3  N  HCl. 


For  the  photometric  determination  of  molybdenum,  the  latter  is  reduced  by  means  of  hydrazine,  the  quin- 
quevalent  molybdenum  is  then  precipitated  with  8-hydroxyquinoline  from  a  hot  solution  at  a  pH  of  3. 2-4. 2  in 
the  form  of  Mo20j(C9HeNO)4  •  HjO;  this  precipitate  is  dissolved,  without  filtering  it,  in  acetone,  and  the  optical 
density  of  the  red  aqueous-acetone  solution  obtained  measured  at  530  nyt . 

Experiments  showed  that  in  order  to  get  maximum  optical  density  values,  it  is  necessary  to  heat  the  solu¬ 
tions  on  a  boiling  water  bath  for  more  than  eight  minutes  after  addition  of  8-hydroxyquinoline.  More  than  0.09 
g  of  8-hydroxyquinoline  in  20  ml  must  be  added  to  0.58  mg  molybdenum  (Fig.  3).  The  optimum  pH  of  the 
solution  for  development  of  the  color  lies  in  the  range  3.2- 4.2  (the  pH  was  measured  by  means  of  a  pH -meter 
with  a  glass  electrode  after  precipitation  of  the  quinquevalent  molybdenum  and  after  cooling  the  solution  to 
room  temperature).  The  acetone  concentration  does  not  affect  the  color  intensity.  The  color  Intensity  of  acetone 
solutions  changes  little  with  time,  it  is  almost  stable  for  three  hours  (Table  3).  Nevertheless,  the  optical  density 
of  the  solutions  should  be  measured  quickly  after  dissolving  the  precipitate  in  acetone.  Ethylenediaminetettacetic 
acid,  oxalic  acid,  nitrates,  and  nitrites  interfere  with  the  determination;  they  should  be  absent.  Solutions  conform 
to  Beer's  law  up  to  20  pg  Mo /ml  (Fig.  4),  when  the  optical  density  is  measured  at  530  mp  . 

Calcium  and  magnesium,  even  in  large  amounts,  do  not  interfere  with  molybdenum  determination.  Cad¬ 
mium,  nickel,  and  zinc  are  precipitated  by  8-hydroxyquinoline,  but  their  yellow  precipitates  dissolved  in  acetone 
and  they  do  not  interfere  with  molybdenum  determination,  as  loi^  as  they  are  only  present  in  small  amounts. 
Small  amounts  of  iron  (less  than  0.1  mg)  and  trivalent  chromium  (2  mg)  do  not  interfere  widi  molybdenum  de¬ 
termination.  When  large  amounts  of  chromium  are  present  a  precipitate  is  formed  which  does  not  dissolve  com¬ 
pletely  in  acetone  and  interferes  with  the  photometric  determination.  Manganese,  copper,  cerium,  titanium,  and 
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tungsten  strongly  interfere  with  molybdenum  determination  (Table  4). 

Sodium  ethylenediaminetetraacetate(NaEDTA)prevents  precipitation  of  molybdenum  with  8 -hydrox y quino¬ 
line  and  cannot  be  used  therefore  for  masking  interfering  accompanyir^  elements.  The  high  degree  of  stability 
of  the  compound  of  quinquevalent  molybdenum  with  NaEDTA  has  been  noted  by  us  previously  [13], 

Molybdenum  is  determined  photometrically  as  follows. 

To  a  neutral  or  weakly  acid  test  solution  containing  not  more  than  0.8  mg  of  sexivalent  molybdenum  is 
added  4  ml  of  concentrated  hydrochloric  acid  and  the  volume  of  the  solution  made  up  to  13-15  ml  with  water. 

The  solution  is  heated  on  a  boiling  water  bath  and  5-7  ml  of  an  aqueous  solution  of  the  reducing  agent  (0.1  g 
NH2NH2  *  2HC1  per  ml)  added  slowly,  heating  is  continued  for  10-20  minutes.  To  the  still-hot  solution  is  dien 
added  with  stirring  4  ml  of  a  3^  solution  of  8 -hydroxy quinoline  in  dilute  acetic  acid,  and  the  solution  neutralized 
first  with  concentrated,  and  then  with  dilute  .ammonia  until  the  appearance  of  the  8-hydroxyquinolate  precipitate. 
Two  ml  of  an  acetate  buffer  solution  with  pH  4  is  then  added  and  heating  continued  for  10-15  minutes  on  a 
boiling  water  bath.  After  cooling  to  room  temperature,  the  solution  plus  the  precipitate  of  Mo20s(C9H^N)4 •  H2O 
is  quantitatively  transferred  to  a  50  ml  standard  flask.  The  beaker  is  washed  with  25  ml  of  acetone  (if,  during  this 
stage  of  white  precipitate  is  formed  in  the  beaker,  the  precipitate  can  be  dissolved  by  adding  a  few  drops  of 
water).  The  volume  is  made  up  to  the  mark  with  water,  the  whole  is  tfioroughly  mixed  and  the  optical  density 
measured  on  a  spectrophotometer  at  530  mp  ,  or  on  a  photocolorimeter  widi  a  green  filter,  relative  to  water  or 
a  blank  solution  (coincident  results  are  obtained  in  both  cases). 

The  method  described  above  for  the  photometric  determination  of  molybdenum  gives  the  maximum  con¬ 
ditions  for  the  reduction  of  small  amounts  of  sexivalent  molybdenum  to  the  quinquevalent  state  of  hydrazine. 
Reduction  of  comparatively  large  amounts  of  sexivalent  molybdenum  by  means  of  hydrazine  has  been  studied  by 
a  number  of  authors  [14,  15].  Our  experiments  have  shown  that  for  the  quantitative  reduction  of  0.58  mg  Mo  it 
is  necessary  to  add  a  large  excess  of  hydrazine  hydrochloride  (Fig.  5)  (more  than  0.4  g  NH2NH2  *  2HC1  in  13  ml 
of  water).  Only  under  these  conditions  is  the  maximum  optical  density  of  the  solution  obtained.  The  acidity 
of  die  solutions  strongly  influences  the  completeness  of  reduction  of  sexivalent  molybdenum,  at  low  acidity  molyb¬ 
denum  blue  is  formed;  in  a  medium  of  1. 3-2.6  N  HCl,  after  addition  of  0.7  g  of  NH2NH2  ‘  2HC1  to  20  ml  of  the 
hot  solution,  first  of  all  a  strong  blue  color  appears,  but  on  further  heatit^  on  a  boiling  water  bath  the  blue  color 
disappears.  In  this  case  it  is  necessary  to  heat  for  more  than  10  min  at  2.6  N  HCl  or  for  more  than  15  min  at 
1.3  N  HCl,  in  order  to  ensure  complete  reduction  of  sexivalent  molybdenum  (Fig.  6).  On  increasing  the  acidity 
further,  the  time  to  effect  reduction  is  cut  down  appreciably,  but  so  much  acid  is  introduced  into  the  solution 
thereby  that  the  subsequent  procedure  is  complicated. 

SU  MMARY 

Quinquevalent  molybdenum  forms  two  compounds  with  8-hydroxyquinoline;  at  room  temperature  a  greenish- 
yellow  precipitate  is  formed,  while  from  a  hot  boiling  solution  a  black  precipitate  is  formed.  The  composition  of 
the  latter  corresponds  accurately  to  the  formula  Mo203(C9H6NO)4  •H2O.  The  composition  of  the  greenish -yellow 
compound  corresponds  approximately  to  the  formula  H2M04O11  •  (C9H7ON)/  •  IIH2O.  The  various  properties  of 
the  two  compounds  have  been  studied,  and  it  has  been  shown  that  the  black  compound  of  quinquevalent  molyb¬ 
denum  can  be  used  for  the  photometric  determination  of  small  amounts  of  molybdenum  (some  tenth  parts  of  pg/ml) 
in  a  medium  of  5CP/o  acetone.  The  method  gives  accurate  results.  Ca,  Mg,  Cd,  Ni,  and  Zn  do  not  interfere,  while 
small  amounts  of  Fe^  and  Cr^^  do  not  interfere  either.  The  method  is,  however,  not  very  selective. 
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The  sensitivity  of  the  spectrographic  determination  of  tungsten  is  relatively  low.  It  never  exceeds  a  value 
of  5  •  lO'^o  [1],  while  in  most  cases  it  is  significantly  lower:10'*-10"^  [2-5].  The  sensitivity  of  the  spectro¬ 
graphic  determination  of  molybdenum  is  somewhat  higher,  about  10"^%  [5,  6-8].  Accordingly,  during  studies  of 
rocks,  the  molybdenum  and  tungsten  content  of  which  usually  varies  in  the  rai^e  10"®  to  10'^  [9],  direct  use  of 
the  spectrographic  method  is  only  possible  after  concentrating  these  elements.  A  number  of  papers  have  been 
published  in  which,  for  the  determination  of  W  and  Mo  in  rocks,  preliminary  chemical  enrichment  was  used 
[10-14].  Wilson  and  Fields  [13]  determined  tungsten  in  rocks  after  decomposition  of  the  latter  with  acids.  Tur^- 
sten  was  precipitated  at  the  same  time  as  titanium  from  solution  by  a  mixture  of  tannin,  antipyrine,  and  cinchonine. 
The  tungsten  content  of  the  concentrate  thereby  obtained  was  determined  spectrographically.  The  sensitivity  of 
their  method  was  7  •  10  Scobier  [14]  during  the  determination  of  W  in  ores  and  concentrates  carried  out 
chemical  enrichment  by  means  of  aluminum  hydroxide.  The  sensitivity  of  the  determination  of  tungsten  in  this 
case  was  about  2  •  lO*®*^*). 

The  aim  of  the  work  described  here  was  to  develop  a  method  for  the  simultaneous  determination  of  tur^- 
sten  and  molybdenum  in  rocks  with  a  sensitivity  of  about  n*  10"®  for  W  and  n  •  10"®  for  Mo,  and  with  an  accuracy 
of  about  10^0.  Tungsten  and  molybdenum  were  determined  spectrographically  after  their  chemical  enrichment. 
Igneous  rocks  of  various  alkalinity  were  studied,  they  varied  from  ultrabasic  to  acid  and  included:  dunite,  basalt, 
dlorite,  granite,  etc.  Their  average  composition  can  be  characterized  by  the  figures  given  in  Table  1. 


TABLE  1 

Average  Chemical  Composition  of  the  Main  Types  of  Igneous  Rocks  (According  to 
Luchitskli  [15]) 


Rock 

SiO, 

Al,o, 

Fe.O. 

MgO 

CaO 

Na,0 

K,0  j 

1  TIO, 

Dunite 

1 

40,5 

0,86 

8,38 

46,32 

0,70 

0,10 

0,04 

0,02 

Basalt 

48,24 

17,88 

9,11 

7,51 

10,99 

2,55 

0,89 

0,97 

Diorite 

58,9 

16,47 

6,93 

3,57 

6,17 

3,46 

2,11 

0,76 

Granite 

70,18 

14,47 

3,35 

0,88 

1,99 

3,48 

4,46 

0,39 

Concentration  of  the  test  elements  from  the  rocks  was  effected  by  means  of  methyl  violet  and  tannin  [15, 

16].  Using  the  radioactive  isotopes  Mo”  and  it  was  established  that  a  mixture  of  tfiese  reagents  quantitatively 
precipitates  tungsten  and  molybdenum  from  very  dilute  solutions. 
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TABLE  2 

Checking  the  Technique  for  the  Chemicospectrographic  Determina¬ 
tion  of  W  and  Mo  on  Synthetic  Mixtures 


Added. 

Found, 

w 

Mo  1 

w 

1  Mo 

9,8.i0-»  P) 

6,410-« 

1,1  iO-* 

6,9.10-* 

l,23i0-«  (D) 

l,910-« 

G) 

l,310-« 

2,1.10-* 

l,48.i0-<  (G) 

5,5-10-« 

:d) 

l,310-« 

5.10-* 

i,73.10-«  (D) 

2,4-10-« 

G) 

l,510-< 

2,6.10-* 

2,1.10-«  (G) 

5-i0-« 

:d) 

2,2-10-« 

4-10-* 

5,5.10-«  (G) 

l,05.i0-< 

:d) 

4,510-* 

9.10-* 

8,7.10-«  G) 

5,5.10-» 

D) 

7,2.10-* 

4,2.10-» 

Note.  The  letters  designate  the  base  to  v^hlch  the  test  elements  vrere 
added  (G  —  granite,  D—  dunite). 


TABLE  3 


Comparison  of  the  Results  of  Mo  and  W  De¬ 
terminations  in  Rocks 


W  content,'!^ 

Mo  content, 

Direct  spec¬ 
trographic 
methcM  in 
which  AgCl 
is  added 

ii„l 

^  t/% 

Direct  spec¬ 
trographic 
method 
[19] 

Chemico¬ 

spectro¬ 

graphic 

method 

3,5. 10-* 

3,22. 10-* 

1,410-* 

1,  210-* 

1,910-* 

2,3.10-* 

1,810-* 

1,  7.10-* 

2,6. 10-* 

2,8.10-* 

2,3. 10-* 

2,  3.10-* 

2,3-10-* 

3,310-* 

1,1. 10* 

0,  7.10-* 

4,5. 10-* 

3,91.10* 

2,8. 10-* 

3,  2. 10* 

TABLE  4 

Comparison  of  the  Results  of  the  Determina¬ 
tion  of  Molybdenum  in  Granites,  Obtained 
by  Spectrographic  and  Polarographic  Methods 


Rock 

sample 

Mo  found,  *1/0 

Spectrogra¬ 
phic  method 

Polarographic 

memod 

T-1 

2,3. 10-’ 

2,7.10-* 

T-2 

6,3. 10-* 

7,3-10-* 

T-3 

1,610-® 

1,810-* 

T-4 

3,4. 10* 

3,1-10-* 

T-5 

2,3. 10-* 

2,810-* 

T-6 

2.10-* 

2,5. 10-* 

T-7 

2,2-10-* 

2,510-* 

T-8 

110* 

0,95.10-* 

Calibration  curves  for  determination  of  Mo  (a) 
and  W  (b). 


Concentration  of  W  and  Mo.  One  gram  of  well- 
ground  ore  was  mixed  with  8  g  of  sodium  carbonate* 
and  placed  in  a  platinum  crucible.  The  mixture  was 
then  fused  on  a  blowtorch. 

Fusion  of  acid  and  average  rocks  was  complete 
in  45  minutes,  while  for  basic  and  ultiabasic  rocks  1 
hour  30  minutes  was  necessary.  The  melt  obtained 
was  transferred  to  a  glass  beaker.  150  ml  of  cold 
water  was  added  and  the  whole  left  to  stand  overnight. 
The  residue  was  then  filtered  and  carefully  washed  with 
T?h  sodium  carbonate  solution  (about  150  ml). 


To  the  filtrate. which  contains  soluble  W  and  Mo 
salts.w^s  added  2  N  HCl  until  it  gave  a  neutral  reaction 
to  methyl  orai^e,  6  N  HCl  was  then  added  until  the  pH  was  0.18-0.2.  To  diis  acidified  filtrate  was  next  added 
2^  solutions  of  methyl  violet  and  tannin,  on  the  basis  of  50  mg  tannin  and  100  mg  of  methyl  violet  per  100  ml 
of  solution,  and  the  final  solution  allowed  to  stand  for  20-30  minutes  to  ensure  complete  cbprecipitation  of  tungsten 


•The  sodium  carbonate  used  for  the  analysis  was  recrystallized  twice  in  order  to  remove  traces  of  molybdenum. 
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and  molybdenum.  The  precipitate  was  then  filtered  off,  dried,  and  ashed  at  600*.  The  ashed  residue  was  weighed 
and  diluted  with  a  silicate  base  which  had  been  checked  for  freedom  from  Mo  and  W. 

It  was  established  by  means  of  radioactive  indicators  that  the  scheme  adopted  ensures  quantitative  copre¬ 
cipitation  of  W  and  Mo  for  contents  of  the  elements  in  the  rock  of  the  order  of  10"^  and  10**%, respectively. 

Spectrographic  Determination  of  Molybdenum  in  the  ashed  concentrate  was  carried  out  on  a  QU-24  quartz 
spectrograph  in  a  dc  arc.  Complete  evaporation  of  samples  from  the  canal  of  a  carbon  electrode  was  used.  The 
conditions  used  for  photographing  the  spectra  were  as  follows:  electrodes,  carbon  with  a  crater  2.5  mm  deep  and 
an  openir^  with  a  diameter  of  3.5  mm.  The  spectrograph  slit  was  0.02  mm.  The  current  was  10  amp.  The  ex¬ 
posure  time  was  2.5  min.  The  sample  weight  was  10  mg.  The  sample  was  a  mixture  of  the  residue  obtained  after 
chemical  enrichment  of  the  rock  (about  2  mg)  with  a  silicate  base  (about  18  mg).  The  spectra  were  photographed 
on  a  "spectrographic  type  II"  plates  with  a  sensitivity  of  8  or  11  GOST  units. 

The  line  Mo  I  3170.35  was  used  for  carryii^  out  the  analysis. 

Spectrographic  Determination  of  Tungsten  in  the  test  residues  was  carried  out  on  a  ISP-51  A  spectrograph 
with  a  UF-85  camera.  The  excitation  source  was  a  dc  arc.  The  4294.6  line  was  used  for  analysis.  The  time  for 
complete  evaporation  and  the  other  conditions  were  the  same  as  those  used  for  molybdenum  determination. 
"Specurographic  Type  II"  plates  with  a  sensitivity  of  22  GOST  units  were  used  for  recording  the  spectra. 

The  calibration  curves  for  determining  Mo  and  W  were  constructed  on  the  basis  of  the  three-«tandards  metliod 
within  the  coordinates  log  R  and  log  C,  where  R  is  the  relative  intensity  of  the  test  lines  with  respect  to  the  back¬ 
ground,  while  C  is  the  concentration  of  the  test  elements  expressed  in%  (Fig.).  The  standards  which  were  used 
for  constructing  the  calibration  curves  for  Mo  and  W  were  prepared  usit^  the  same  silicate  base  for  dilution  as 
that  used  for  the  samples.  Molybdenum  and  tungsten  were  added  to  the  base  in  the  form  of  M0O3  and  WO3;  the 
content  of  Mo  and  W  in  the  standards  was  varied  from  5 . 10**  to  3  •  10*^%. 

The  sensitivity  of  the  chemicospectrographic  method  developed  for  the  determination  of  molybdenum  arid 
tungsten  proved  to  be  2 ’10"®%  and  3*  10'*%,respectively. 

The  reproducibility  of  the  method  was  checked  by  taking  15  photographs  of  the  same  sample;  the  mean 
arithmetic  error  calculated  on  the  basis  of  the  results  obtained  proved  to  be  i  1C%  of  Mo  and  ±  E%  for  W. 

The  precision  of  the  method  and  the  degree  of  reliability  of  the  results  obtained  are  evident  from  the  results 
given  in  Table  2.  For  high  content  of  the  test  elements,  the  results  of  the  chemicospectrographic  method  were 
compared  with  the  results  obtained  for  tungsten  and  molybdenum  by  a  direct  spectrographic  analysis  and  by  a 
polarographic  method  [18]  (Tables  3  and  4).  Molybdenum  and  tungsten  in  the  form  of  their  oxides  were  added 
to  two  bases— granite  and  dunite  -  in  known  concentrations;  the  Mo  and  W  contents  were  then  determined  by 
the  chemicospectrographic  method.  The  results  were  found  to  be  independent  of  changes  in  the  chemical  com¬ 
position  of  the  rocks  and  are  completely  satisfactory.  For  Mo  and  W  contents  greater  than  10*®,  the  determina¬ 
tion  can  be  carried  out  by  the  spectrographic  method  without  preliminary  chemical  enrichment.  In  these  cases 
silver  chloride  was  added  for  the  determination  of  tungsten  in  rocks  by  the  spectrographic  method.  For  this 
purpose  the  sample  was  mixed  with  silver  chloride  in  the  f^oportion  of  1  :  1  and  die  mixture  placed  in  the  carbon 
electrodes  .which  had  an  opening  with  a  depth  of  4  mm.  The  excitation  source  was  a  10  amp  dc  arc.  It  was 
established  that  under  these  conditions  tungsten  burns  up  completely  in  60  seconds  when  the  electrode  containing 
the  sample  was  used  as  the  anode.  Tungsten  was  determined  on  an  ISP-51A  spectrograph  with  an  UF-85  camera. 
The  line  W-I  4294  was  used.  The  spectra  were  photographed  on  "Spectrographic  Type  II"  plates  with  a  sensitivity 
of  22  GOST  units. 

We  succeeded  in  taking  down  the  sensitivity  of  the  determination  of  tungsten  to  a  value  of  2 ’10'®%,  by 
taking  photographs  of  three  electrodes  containing  test  mixture  for  60  sec  on  the  same  place  on  the  plate.  The  de¬ 
viation  between  the  results  obtained  by  the  method  did  not  exceed  ±8.9^o. 

Results  for  the  W  and  Mo  contents  of  rocks,  obtained  by  the  direct  spectrographic  method,  as  well  as  the 
analytical  results  obtained  for  these  rocks  by  a  polarographic  method,  are  compared  with  the  results  of  the  chemlco 
spectrographic  method  in  Tables  3  and  4. 

The  mean  arithmetic  error  for  the  chemicospectrographic  metliod  does  not  exceed  4  The  method 

developed  has  been  used  for  the  systematic  study  of  die  Mo  and  W  content  of  igneous  rocks,  for  determining  the 


533 


Mo/  W  ratio  in  them  and  finding  the  mean  content  of  these  elements  in  the  earth's  crust. 

In  conclusion  I  should  like  to  thank  E.  E.  Vainshtein  for  valuable  advice  and  L.  V.  Meshcheryakova  for  help 
in  carrying  out  the  analysis. 


SU  MMARY 

A  method  is  suggested  for  the  quantitative  determination  of  small  concentrations  of  Mo  and  W  in  various 
rocks.  When  the  concentration  of  these  elements  is  higher  than  10'*%,  the  rocks  can  be  analyzed  by  a  direct 
spectrographic  method.  Rocks  containing  less  than  of  Mo  and  W  are  analyzed  after  preliminary  chemical 

enrichment  by  means  of  organic  coprecipitants.  The  concentrates  obtained  are  analyzed  spectrographically.  The 
sensitivity  of  the  chemicospectrographic  method  developed  for  the  determination  of  Mo  and  W  is  2*  and 

3  *  10'*  ‘^.respectively. 
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Compounds  of  diantipyrylme thane  with  complex  anions  of  metals  are  used  for  the  photometric  determination 
of  cobalt  and  iron,  and  for  the  gravimetric  determination  of  cadmium  [1,  2]. 

Sudo  [3]  has  established  that  on  adding  a  solution  of  antipyrine  and  excess  potassium  iodide  solution  to  an 
acid  solution  of  palladium  chloride,  a  complex  compound  is  formed  which  is  extracted  with  chloroform.  By 
measuring  the  optical  density  of  the  extract  obtained  at  340  mp  ,  it  is  possible  to  determine  1-20  pg  palladium. 

Sudo  noted  that  a  compound  of  palladium  iodide  and  antipyrine  is  thereby  formed.  The  composition  of  the  com¬ 
pound  has  not  been  studied. 

Our  experiments  have  shown  that  analogous  results  can  be  obtained  by  adding  a  solution  of  diantipyryl- 
methane  instead  of  antipyrine  to  a  solution  of  the  complex  iodide  of  palladium. 

When  diantipyrylmethanc  is  used,  the  compound  (C2sH240|N4)i  •  H|[Pdl4]  is  probably  formed,  this  com¬ 
pound  is  of  undoubted  interest  for  analytical  purposes. 

For  preparing  the  palladium  chloride  solution,  palladium  dimethylglyoximate  obtained  during  the  gravi¬ 
metric  determination  of  palladium  was  calcined  in  a  muffle  furnace,  the  oxides  obtained  were  reduced  with  for¬ 
mic  acid  and  the  palladium  metal  obtained  dissolved  in  aqua  regia.  The  solution  obtained  was  evaporated  three 
times  with  hydrochloric  acid.  The  palladium  concentration  of  the  solution  was  determined  gravimetrically.  Both 
the  stock  and  working  solutions  contained  a  large  amount  of  hydrochloric  acid.  The  concentration  of  the  working 
solution  was  0.01  mg  Pd  /ml. 

A  27o  solution  of  diantipyrylmethane  was  prepared  by  dissolving  an  aliquot  in  0.5  N  hydrochloric  acid. 

A  4070  potassium  iodide  solution  was  prepared  by  dissolving  chemically  pure  potassium  iodide.  The  potassium 
iodide  solution  should  be  colorless. 

The  solutions  of  the  compound  of  palladium  with  iodide  and  diantipyrylmethane  in  chloroform  are  cherry- 
red  in  color  and  confc^m  to  Beer's  law  (Fig.  1).  On  measuring  the  optical  density  on  a  FEK-M  apparatus  fitted 
with  a  blue  filter,  it  was  found  possible  to  determine  more  than  0.48  pgPd/  ml  when  the  layer  thickness  in  the 
cuvette  was  10  mm.  The  absorption  maximum  is  found  at  450  mp . 

Preparation  of  the  colored  compound  of  palladium  with  iodide  and  diantipyrylmethane  should  be  carried 
out  in  hydrochloric  acid  media  in  the  absence  of  oxidizing  agents  (nitric  acid,  dilute  aqua  regia),  otherwise 
elemental  iodine  separates  out, which  leads  to  difficulties. 

We  have  established  that  an  exchange  reaction  occurs  between  a  solution  of  palladium  dimethylglyoximate 
in  chloroform  and  aqueous  solutions  ofdiantipyrylmethane  and  iodide,  as  a  result  of  which  a  compound  of  palla¬ 
dium  with  iodide  and  diantipyrylmethane  is  formed  in  the  chloroform  layer,  while  the  dimethylglyoxime  passes 
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Fig.  1.  Calibration  curve  for  the  de¬ 
termination  of  palladium  by  means  of 
diantipyrylmethane  and  potassium 
iodide.  O  )  Pd,  with  extraction  of  di- 
methylglyoxime;  x)  Pd,  without  ex¬ 
traction  of  dime  thy  Igly  oxime. 


into  the  aqueous  layer.  For  the  same  palladium 
concentration,  the  optical  density  of  chloroform 
solutions  of  the  compound  of  diantipyrylmethane 
is  considerably  greater  than  the  optical  density  of 
solutions  of  palladium  dimethylglyoximate.  The 
identity  of  the  compound  of  palladium  with  dianti¬ 
pyrylmethane  and  iodide  obtained  by  the  exchange 
reaction,  and  by  mixing  the  corresponding  compounds, 
is  confirmed  by  the  fact  that  the  absorption  curves 
coincide. 

That  the  dimethylglyoxime  does, in  fact, pass 
into  the  aqueous  phase  during  the  exchange  reaction 
was  confirmed  by  the  following  experiment:  dry 
palladium  dimethylglyoximate  was  suspended  in 
chloroform,  and  to  this  suspension  was  added  solutions 
of  diantipyrylmethane  and  potassium  iodide.  After 
shaking  for  a  loi^  time  the  chloroform  layer  acquired 
a  dark-cherry  color  in  transmitted  light  and  almost 
a  black  color  in  reflected  light.  All  the  palladium 
dimethylglyoximate  dissolved.  Dimethylglyoxime 
was  detected  in  the  aqueous  phase  by  the  reaction 
with  a  nickel  salt. 

Copper  and  iron  interfere  during  the  direct 
photomeuic  determination  of  palladium  by  means 
of  diantipyrylmethane  and  potassium  iodide  as  a 
result  of  iodine  liberation.  Accordingly,  it  is  ex¬ 
pedient  at  the  beginning  to  separate  palladium  in 
the  form  of  its  dimethylglyoximate  by  extraction 
with  chloroform,  and,  subsequently,  by  means  of 
the  exchange  reaction  prepare  the  compound  of 
palladium  with  diantipyrylmethane  and  iodide  in 
the  organic  phase. 

T  able  1  contains  the  results  of  experiments 
on  the  extraction  of  palladium  in  the  presence  of 
various  metals  by  extraction  of  palladium  dimethyl¬ 
glyoximate  with  chloroform.  They  conform  to  published 
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Black  copper 

0,0014 
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Sludge 

0,21 

0,20 

Magnetic  fraction 
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0,019 

0,16 
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Beads  from  the  mag- 

0,19 

0,18 

netic  fraction 
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0,026 
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0,15 
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Tailings 
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0,017 

0,016 
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0,16 

0,14 

0,014 

0,013 

Nickel 

0,0054 
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0,025 

Sludge^^ 

0,14 

0,14 
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0,039 

0,044 
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0,13 

0,13 
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0,014 

0,18 
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0,15 
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» 

0,12 
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» 

0,20 

0.21 

» 

0,058 

0,052 

» 

0,26 

0,28 

*  Weighed  in  the  form  of  palladium  dimethylglyoximate. 
••Found  by  means  of  nitroso-R-salt. 


in  100  ml 


Fig.  2.  Calibration  curve  for  palladium  determination  by  means 
of  nitroso-R-salt.  O)  Pd,  with  extraction  of  di  me  thy  Igly  oxime; 
X)  Pd,  without  extraction  of  dimethylgly oxime. 


results  [4]  on  the  possibility  of  separating  palladium  from  Nl,  Cu,  Co,  Fe,  Pt,  and  Au  in  this  way.  All  the  experi¬ 
ments,  with  the  exception  of  the  extraction  of  Pd  in  the  presence  of  large  amounts  of  iron,  were  carried  out  as 
follows;  a  solution  of  the  salt  being  tested  and  a  standard  solution  of  palladium  chloride  were  introduced  into  a 
250  ml  separating  funnel,  and  the  solution  diluted  to  100  ml  with  water.  Three  ml  of  concentrated  hydrochloric 
acid  and  10  ml  of  a  TI?Jo  alcoholic  solution  of  dimethylglyoxime  were  then  added  and  the  whole  carefully  mixed. 
The  mixture  was  allowed  to  stand  for  15  minutes  with  periodical  shaking. 

Palladium  dimethylglyoximate  was  extracted  by  means  of  two  lots  of  chlorofcarm  (10  and  5  ml)  by  vigorous 
shaking,  two  minutes  for  both  extractions.  In  order  to  remove  the  metal  salt,  the  chloroform  solution  was  washed  in 
in  a  separating  funnel  with  25  ml  of  0.2  N  hydrochloric  acid,  and  the  palladium  then  determined  as  described  be¬ 
low  (colorimetrically  in  the  form  of  palladium  diantipyrylmethanate). 

The  results  for  solutions  containing  more  than  0.5  g  iron  per  100  ml  were  low.  In  such  cases,  in  order  to 
separate  palladium  from  iron,  cupric  sulfate  was  added  to  the  solution  and  the  palladium  separated  together  widi 
copper  by  means  of  sodium  thiosulfate  [5,  6]  (see  also  the  analytical  procedure). 

Palladium  Can  be  Determined  Photometrically  by  Means  of  Nitroso-R-Salt.  On  heating  with  nitroso-R-salt. 
palladium  chloride  forms  an  intensely  red-colored  compound.  When  a  FEK-M  apparatus  fitted  with  a  green  Alter 
and  a  cuvette  with  a  layer  thickness  of  10  mm  were  used,  the  sensitivity  for  the  determination  of  palladium  was 
0.30  pg  Pd/ ml.  The  optical  density  of  solutions  of  the  compound  f<xmed  do  not  change  over  a  wide  acidity  range 
from  pH  5.57  (acetate  buffer)  to  0.1  N  HCl  and  0.05  N  HNOs.  The  solutions  conform  to  Beer's  law  (Fig.  2).  The 
colored  compound  breaks  down  on  boilii^  with  concentrated  HNOs  (5  ml  of  concentrated  HNO3  per  30  ml  solu¬ 
tion). 
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We  used  nitroso-R-salt  for  determining  palladium,  after  its  removal  from  accompanying  metals,  in  products 
from  nickel  production  (Table  2). 

The  results  of  the  photometric  and  gravimetric  determinations  coincide  satisfactorily  with  each  other.  The 
advantage  of  the  photometric  metfiod  is  the  speed  with  which  it  can  be  carried  out  and  its  high  sensitivity. 

Determination  of  0.01-0. 00!^  Palladium  in  Tailings  Containing  up  to  4070  Nickel,  2Cf7o  Copper,  and  07o  Iron. 
To  0.5  g  of  railings  was  added  30  ml  of  aqua  regia  and  the  whole  heated;  it  was  then  evaporated  almost  to  dry¬ 
ness;  it  was  next  treated  twice  with  concentrated  hydrochloric  acid  and  evaporated  until  a  moist  residue  was  ob¬ 
tained.  The  salts  were  dissolved  in  water  and  the  residue  filtered  off  and  washed  with  hot  water.  The  insoluble 
residue  plus  the  filter  were  calcined  and  fused  with  potassium  pyrosulfate;  the  melt  was  leached  with  water  and 
the  solution  combined  with  the  main  solution.  When  the  total  volume  of  the  solution  obtained  in  this  way  was 
more  tfian  100  ml  it  was  evaporated.  The  solution  was  transferred  to  a  250  ml  separating  funnel,  3  ml  of  con¬ 
centrated  hydrochloric  acid  and  10  ml  of  a  1%  alcoholic  solution  of  dime  thy  Iglyoxime  were  added  and  the  whole 
vigorously  mixed  and  left  to  stand  for  15  minutes.  Ten  ml  of  chloroform  was  added  and  the  mixture  shaken  for 
two  minutes.  The  chloroform  layer  was  poured  off  into  another  separating  funnel. 

The  extraction  was  repeated  with  5  ml  of  chlcwoform  and  the  chloroform  layer  combined  with  the  previous 
lot.  The  chloroform  was  extracted  2-3  times  with  25  ml  of  0.2  N  hydrochloric  acid.  The  wash  liquor  was  dis¬ 
carded.  To  the  wa^ed  chloroform  extract  was  added  10  ml  of  a  potassium  iodide  solution  and  20  ml  of  a 
2^  solution  of  diantipyrylmethane  in  0.5  N  hydrochloric  acid.  The  whole  was  shaken  vigorously  for  two  minutes. 
During  this  stage  the  white  precipitate  which  separates  out  on  adding  the  reagents  should  dissolve  completely. 

The  chloroform  layer  was  poured  into  a  25  ml  standard  flask.  To  the  solution  in  the  separating  funnel  was 
added  2  ml  of  chloroform,  the  mixture  vigorously  shaken  and  the  chloroform  layer  transferred  into  the  standard 
flask.  Washing  with  chloroform  was  repeated,  and  the  solution  in  the  standard  flask  made  up  to  the  mark  with 
chloroform. 

A  blank  test  was  carried  out  at  the  same  time.  For  this  purpose  a  separate  aliquot  was  taken  through  the 
whole  analytical  procedure  with  the  exception  of  the  addition  of  dimethylglyoxime  prior  to  the  chloroform  ex¬ 
traction. 

Determination  of  Less  than  0.01*70  Palladium  in  Products  Containing  l^rge  Amounts  of  Iron.  An  aliquot, 
the  amount  of  which  depended  on  the  expected  palladium  content,  was  dissolved  on  heatii^  in  aqua  regia.  The 
solution  was  evaporated  until  moist  salts  were  obtained;  10-20  ml  of  sulfuric  acid  (1:  1)  was  added.  The  solution 
was  then  evaporated  to  the  appearance  of  white  fumes.  The  residue  was  dissolved  in  water  on  heating  and  the  in¬ 
soluble  part  filtered  off.  The  calcined  insoluble  residue  was  fused  with  potassium  pyrosulfate.  The  melt  was 
leached  with  water  and  the  solution  obtained  added  to  the  main  solution. 

To  the  solution  obtained,  sulfuric  acid  (1  :  1)  was  added  at  the  rate  of  19  ml  of  acid  per  100  ml  of  solution. 
The  solution  was  heated  to  the  boil  and  a  20f7o  solution  of  sodium  thiosulfate  added  until  all  the  copper  had  been 
precipitated.  When  the  samples  beii^  analyzed  do  not  contain  copper,  a  solution  of  copper  sulfate  is  added  prior 
to  precipitation  with  sodium  thiosulfate.  After  complete  coagulation,  the  precipitate  was  filtered  off  and  calcined 
in  a  muffle  furnace. 

In  order  to  reduce  the  palladium  oxides,  the  calcined  residue  was  treated  on  moderate  heating  with  formic 
acid  and  the  solution  evaptxated  to  dryness.  The  residue  was  dissolved  in  aqua  regia  contained  in  a  No.  6  porcelain 
crucible,  and  the  mixture  evaporated  until  damp  salts  were  obtained;  the  residue  obtained  was  dissolved  in  hydro¬ 
chloric  acid  and  the  solution  again  evaporated  until  the  damp  salts  were  obtained.  The  salts  were  dissolved  in 
water  and  transferred  to  a  separating  funnel.  All  the  remaining  operations  were  carried  out  as  described  above  for 
the  analysis  of  tailings. 

A  blank  test  was  carried  out  with  a  separate  aliquot,  all  tlie  same  operations  being  repeated  except  that 
no  dimethylglyoxime  was  added  prior  to  extraction  with  chloroform. 

A  calibration  curve  was  constructed  on  the  basis  of  15  points  corresponding  to  1  to  15  ml  of  a  solution  (1  ml 
of  solution  contained  10  pg  Pd).  To  the  solution  of  palladium  chloride  in  a  250  ml  separating  funnel  was  added 
3  ml  of  concentrated  hydrochloric  acid  and  10  ml  of  a  1*7’  alcoholic  solution  of  dimethylglyoxime,  the  solution 
was  diluted  to  100  ml  with  water  and  all  the  operations  described  above  for  the  analysis  of  palladium  carried  out. 
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Riotometiic  Determination  of  Palladium  by  Means  of  Nitroso-R-Salt.  All  the  operations  described  above 
were  the  same  with  die  exception  that  palladium  was  extracted  with  chloroform  in  die  form  of  its  dimethylglyoxi- 
mate.  The  chloroform  solution  of  palladium  dimethylglyoximate  was  evaporated  to  dryness  on  a  water  bath.  The 
dimethylglyoxime  was  destroyed  by  heating  the  dry  residue  widi  25  ml  of  aqua  regia.  The  solution  was  evaporated 
to  dryness,  10  ml  of  concentrated  hydrochloric  acid  was  added  and  the  solution  evaporated  until  the  moist  salts 
were  obtained.  The  chlorides  were  dissolved  on  heating  in  water,  10  ml  of  a  0.1*%  solution  of  nitroso-R-salt  was 
added  and  the  solution  heated  to  the  boil;  the  solution  was  then  cooled  and  transferred  to  a  100  ml  standard  flask. 
The  solution  was  diluted  to  the  mark  with  water  and  die  optical  density  measured  on  a  f£k-M  apparatus  fitted 
with  a  green  filter. 

The  control  solution  was  prepared  from  the  reagents  used. 

In  order  to  construct  a  calibration  curve,  10  ml  of  a  1^  alcoholic  solution  of  dimethylglyoxime  was  added 
to  measured  amounts  of  the  standard  palladium  chloride  solution,  and  all  the  operations  described  above  carried 
out. 


SUMMARY 

It  has  been  shown  that  an  exchange  reaction  occurs  between  solutions  of  palladium  dimethylglyoximate  in 
chloroform  and  aqueous  solutions  of  diantipyrylme thane  and  potassium  iodide,  as  a  result  of  which  a  compound  of 
palladium  with  iodide  and  diantipyrylmethane  is  formed  in  the  chloroform  solution. 

It  has  been  found  that  nitroso-R-salt  gives  a  colored  compound  with  palladium  chloride  solutions,  and  that 
tills  compound  is  suitable  for  the  colorimetric  determination  of  palladium. 

Methods  have  been  developed  for  the  determination  of  palladium  in  the  products  of  nickel  production. 
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Studies  of  the  dioximate  complexes  of  metals  were  started  as  the  result  of  the  classical  work  of  Chugaev 
[1].  Dimethylgly oxime  reacts  with  metal  salts,  mainly  salts  of  elements  of  the  eighth  group  of  the  periodic  system, 
including  iron.  Ferrous  ions  form  several  complexes  with  dimethylglyoxime,  the  composition  of  these  complexes 
varyii^  with  the  pH  of  the  medium.  In  the  pH  range  5-6.5  a  complex  cation  of  the  composition  Fe(HDm)'*'  is 
formed,  while  in  the  pH  range  6.5-11  Fe(HDm)j  predominates,  and,  in  even  more  alkaline  media,  dimethyl¬ 
glyoxime  forms  a  complex  with  the  composition  FeDm  [2J  with  ferrous  iron. 

The  interaction  of  ferric  iron  with  dimethylglyoxime  has  not  yet  been  studied  sufficiently.  There  are  two 
contradictory  viewpoints.  In  the  opinion  of  some  research  workers  [1,  3,  4]  ferric  salts  do  not  react  with  dimethyl¬ 
glyoxime.  On  the  other  hand  [5, 6]  it  is  known  that  the  presence  of  dimethylglyoxime  in  solution  prevents  pre¬ 
cipitation  of  ferric  hydroxide  even  at  high  pH  values.  Under  these  conditions  an  orange-red,  transparent  solution 
is  formed  which  is  stable  on  standing.  These  authors  assume  that  iron  is  complexed  by  dimethylglyoxime. 

Gurvich  has  established  by  means  of  spectrophotometric  methods  [6]  that  in  a  weakly  alkaline  medium,  the  ratio 
of  iron  to  dimethylglyoxime  is  1:1  in  the  compound  formed. 

We  have  shown  previously  [7]  that  ferric  iron  jwevents  complete  precipitation  of  palladium  by  dimethyl¬ 
glyoxime,  and  sometimes  even  completely  prevents  precipitation  of  palladium  dimethylglyoximate. 

In  trying  to  find  out  the  reason  for  the  effect  of  iron  on  the  reaction  between  palladium  and  dimethyl¬ 
glyoxime,  we  checked  on  the  possibility  of  a  reaction  between  iron  and  dimethylglyoxime  in  an  acid  medium. 
Experiment  showed  that  iron  also  reacts  with  dimethylglyoxime  in  an  acid  medium,  when  excess  of  the  reagent  is 
present.  Nevertheless,  the  rate  of  interaction  at  pH  about  3  is  very  low  because  of  the  low  degree  of  dissociation 
of  dimethylglyoxime.  In  the  pH  range  2.5-3  equilibrium  is  attained  after  about  24  hours,  for  a  dimethylglyoxime 
concentration  of  the  order  of  10’®g. -atom/ liter; andiron  concentration  of  the  order  of  10'*g. -atom/liter;  accord¬ 
ingly,  we  chose  this  pH  range  for  our  studies. 

It  was  found  that  when  a  solution  of  potassium  thiocyanate  was  added  to  a  solution  (pH  about  3)  containing 
a  ferric  salt  and  excess  dimethylglyoxime,  24  hours  after  preparation  of  the  solution  the  characteristic  bright-red 
color  of  ferric  iron  is  not  obtained.  On  adding  ammonia  to  this  same  solution  (24  hours  after  preparing  it)  first  of 
all  there  was  formed  an  unstable  bright-rose  color,  changing  to  orange,  which  a  number  of  other  workers  have 
observed  [5,  6]  in  the  case  of  solutions  of  dimethylglyoxime  and  ferric  salts  in  an  alkaline  medium. 

We  used  a  spectrophotometric  method  for  studying  the  composition  of  the  compound  of  ferric  iron  with  di¬ 
methylglyoxime.  Measurements  were  carried  out  in  the  ultraviolet  on  the  SF-4  spectrophotometer.  The  hydrogen 
ion  concentration  in  tlie  acid  region  was  determined  potentlometrically  by  means  of  a  glass  electrode,  while  in 
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Fig.  1.  Determination  of  composi¬ 
tion  by  the  isomolar-series  method. 

C  =  4.7  •  10'®  g.-atom/  liter. 

1)  280  mp  ;  2)  290  mp  ;  3)  300  mp  . 


Fig.  2.  Determination  of  the  com¬ 
position  of  the  complex  in  the  acid 
region.  O)  Log  [A]  =  log[H2Dm]: 

X)  log  [A]  =  log  [Fe(III)];  X  =  290mp . 


the  alkaline  region  it  was  determined  titri  me  trie  ally,* 

The  composition  of  the  complex  was  determined 
by  the  Isomolar-series  method,  and  by  the  method  of 
"limiting  logarithms." 

Two  isomolar  series  of  solutions  of  iron  and  di- 
methylglyoxime  were  prepared  with  total  concentra¬ 
tions  of  1  •  10  ®  g.-atom/ liter  and  4.17  •  10'®g.-atom/ 
/liter.  The  dimethylglyoxime  solutions  contained  4.8 
parts  by  volume  of  alcohol.  The  amount  of  alcohol 
and  the  pH  were  kept  constant  in  all  solutions  of  both 
series.  In  Fig.  1  are  given  the  results  of  experiments 
carried  out  at  three  wavelengths  for  the  series  with  a 
Fig.  3.  Composition  of  the  com-  concentration  of  4.17  •  10'®g.- atom/liter.  The  curves 

plex  in  the  alkaline  region  by  which  deviate  from  additivity  have  maxima  at  a  ratio 

the  metliod  of  limiting  logarithms.  of  the  components  of  1:1.  The  same  composition 

was  found  fex  the  complex  by  the  method  of  "limiting 
logarithms,"  both  in  series  of  experiments  with  excess 
dimethylglyoxime,  and  in  series  of  experiments  with  excess  ferric  salt.  The  results  obtained  are  shown  in  Fig.  2. 

The  absence  of  a  sharp  maximum  (Fig.  1)  in  the  given  case  cannot  be  regarded  as  evidence  of  the  low 
stability  of  the  complex  formed  in  this  region.  On  the  contrary,  the  fact  that  a  complex  is  formed  with  dimethyl¬ 
glyoxime,  which  dissociates  only  to  a  very  small  extent  in  tliis  region,  (K  =  8  •  10'^*)  testifies  to  the  high  stability 
of  the  compound  formed. 

In  addition,  we  also  checked  on  the  composition  of  die  complex  in  the  alkaline  region  by  the  method  of 
■limiting  logarithms."  The  composition  of  the  complex  was  again  found  to  be  the  same,  i.e.,  FetHjDm  =1:1 
(Fig.  3).  A  series  of  experiments  with  a  constant  concentration  of  ferric  iron  and  increasing  concentrations  of  di¬ 
methylglyoxime  gave  solutions  with  constant  optical  density  starting  at  a  ratio  of  Fe :  H2Dm=  1 : 1.  Thus,  the  re¬ 
sults  obtained  in  alkaline  media  are  in  full  agreement  with  those  ofGurvich  [6]. 

At  pH  3,  Fe(OH)*'*'  predominates  in  solution,  accordingly,  on  the  basis  of  the  results  obtained,  it  can  be 
postulated  that  formation  of  the  complex  in  this  region  proceeds  according  to  the  following  over- all  equation 
Fe(OHf^  +  H2Dm  ^FeOH(HDm)+  +  m. 

•A  solution  of  ferric  perchlorate  was  used;  this  was  prepared  by  repeated  evaporation  of  a  ferric  chloride  solution 
with  perchloric  acid  until  a  negative  reaction  for  Cl"  ions  was  obtained.  The  dimethylglyoxime  solutions  were 
prepared  by  dilutii^  alcoholic  solutions,  which  were  prepared  in  turn  by  dissolving  an  exact  amount  of  the  re- 
crystallized  reagent  in  alcohol. 


lg[H  -^l 


542 


In  the  complex  cation  FeOH(HDm)*’,  iron  is  apparently  connected  viith  the  dlmethylglyoxime  both  by 
valence  and  coordination  bonds.  When  excess  OH*  ions  are  present,  formation  of  a  complex  with  a  different 
composition,  namely  FeOHDm,  is  probable.  It  is  possible  diat  in  this  compound  the  bond  is  only  a  valence  bond. 
The  change  over  from  one  form  to  another  proceeds  via  an  unstable,  intermediate  compound  with  a  bright-rose 
color. 


We  tried  to  evaluate  the  instability  constant  of  the  complex.  By  analogy  with  Tolmachev  [8],  we  con¬ 
sidered  the  following  equilil»iar 

H.Dm  r.  HDm-  +  H+  /C,  =  8  •  IQ-" 

HDm-  -f-  Fe  (OH)*  r  FcOH  (HDm)^ 

H,Dm  +  Fe  (OH)»  ‘  H  FeOH  (HDm)*+  H ' 

The  constant  of  theover-allequilibirium  K  =  [H^]  •  [FeOH(HDmf  ]/[H,Dm]  •  [Fe(OH]^]. 

We  did  not  take  into  account  the  hydrolysis  constant  of  the  iron  salts,  since  it  is  the  group  Fe(OH]P^  that 
participates  in  complex  formation. 

The  instability  constant  KpeOH(HDm)^  related  to  die  constants  K  and  Kj  by  the  following  expression: 
KFeOH(HDm)f^  =  Ki/  K. 

On  the  basis  of  measurements  of  the  optical  density  at  280  mp  ,  in  preliminary  experiments,  we  determined 
the  molar  extinction  coefficient  of  the  complex  in  solutions  containing  a  hundredfold  excess  of  dimethy^lyoxime 
in  order  to  guarantee  complexing  of  the  iron 

^  mean  " 

Further,  on  die  basis  of  the  values  found  for  the  concentration  of  iron  and  the  complex,  we  calculated  die 
mean  value  K  =  2.61  ±0.47,  and  from  this  an  approximate  value  for  the  instability  constant  of  the  complex 
KFeOH(HDmf  =  3-06  *  10’“. 

Taking  into  account  the  dissociation  constant  of  dimethylglyoxime  K|  and  the  instability  constant  of  die 
complex,  it  is  possible,  by  means  of  die  following  equation,  to  calculate  die  ratio  of  the  concentration  of  the 
complexed  and  uncomplexed  iron: 


(FeOH  (HDm)^l  /CriHaPm] 

(Fe(OH)*  +  ]  ^FcOH(HDm)+l^*l 


This  proved  to  be  equal  to  4  :  1. 

This  enabled  us  to  get  a  more  accurate  value  for  the  concentration  of  the  complex  in  each  case,  and  to 
calculate  more  accurate  values  fcx  the  molar  extinction  coefficient  for  the  complex,  and  then  from  €  mean 
find  new  values  of  K. 

The  Table  contains  values  calculated  for  a  pH  of  2.59. 


CFefll^*’^^ 

original 

[Fc(lU)P*^ 

free 

(calculated) 

lFeOH(HDm)+J 

^complex 

K  for 

1018  ± 
±48 

4. 10-5 

8. 10-* 

3,210-' 

0,035 

1094 

3,98 

1.1 o-« 

2. 10- • 

8,0.10-' 

0,085 

1062 

3,20 

2  10-« 

4.IO-' 

l,G.10-« 

0,160 

1000 

2,44 

3  10-' 

HlO-* 

2, 4. 10-1 

0,235 

979 

2,28 

4. 10-1 

8.10-- 

3,2- 10  1 

0,306 

i)56 

2,11 

^  mean  "  1018  ±48;  =  2«80  ±0«63 

From  which  the  value  of  KpeOH(HDm)^  "  2.86  •  10‘“. 
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SU  MMARY 


It  has  been  shown  that  ferric  iron  reacts  with  dimethylglyoxime  to  form  a  complex  ion  in  both  acid  media 
(pH  about  3)  and  in  alkaline  media. 

The  composition  of  this  complex  ion  has  been  shown  to  correspond  to  Fe :  H2Dm  =  1  :  1  by  spectrophoto- 
metric  methods. 

The  instability  constant  of  the  complex  ion  FeOH(HDm)^  has  been  calculated  and  shown  to  be 
=  2.86  •  10'” 
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A  SPECTROGRA  PHIC  METHOD  FOR  THE  DETERMINATION  OF 
IMPURITIES  IN  IRIDIUM  AND  RHODIUM 

A.  A.  Kuranov,  V.  D.  Ponomareva,  and  N.  I.  Chentsova 

Translated  from  Zhurnal  Analiticheskof  Khimli,  Vol.  15,  No.  4,  pp.  476-480, 

July-August.  I960 

Original  article  submitted  February  19,  1959 

Cunent  methods  for  analyzing  rhodium  and  iridium  [1-3]  only  provide  for  the  determination  of  a  limited 
number  of  impurities.  This  is  determined  primarily  by  the  complexity  of  preparing  standards,  since  it  is  difficult, 
and  sometimes  it  is  also  impossible. to  introduce  all  the  impurities  which  accompany  rhodium  and  iridium  in 
ores,  or  the  metals  which  contaminate  iridium  and  rhodium  durit^  the  refining  process.  Our  problem  was  to  de¬ 
velop  a  technique  for  determining  platinum,  palladium,  gold,  ruthenium.  Iridium,  silicon,  iron,  copper,  aluminum, 
lead,  barium,  and  nickel  in  rhodium;  and  platinum,  palladium,  gold, ruthenium,  rhodium,  silicon,  iron,  copper, 
aluminum,  lead,  barium,  and  nickel  in  iridium. 

Experiment  has  shown  that  it  is  impossible  to  prepare  a 
fusion  standard  base  on  all  these  impurities.  After  careful 
checking  we  have  found  that  the  method  described  in  [3]  is 
the  most  rational  method  for  use  under  the  conditions  we  em¬ 
ployed.  However,  die  recommended  method  for  preparing 
standards  from  solutions  is  complicated  and  can  only  be  used 
as  a  control  mediod.  It  has  been  shown  earlier  in  the  case  of 
the  spectrographic  analysis  of  silver  [4]  that  the  mediods  of 
powder  metallurgy  have  possibilities  for  preparii^  synthetic 
standards  of  noble  metals.  The  opinion  has  been  expressed, 

[3],  however,  that  it  is  almost  impossible  to  prepare  sufficiently 
homogeneous  samples  by  mixing  the  appropriate  powders. 
Accordingly,  we  decided  to  compare  the  methods  indicated 
above  for  the  preparation  of  standard  samples,  and  to  check 
on  the  reliability  of  the  latter. 

Preparation  of  Standards.  Standard  solutions  were  used 
as  a  basis  for  preparing  the  standards  (Table  1).  Aluminum, 
iron,  and  lead  were  dissolved  in  hydrochloric  acid;  nickel  and 
copper  in  nitric  acid;  platinum,  palladium,  and  gold  in  aqua 
regia.  The  standard  solution  o  f  a  barium  salt  was  prepared  by 
dissolvii^  crystalline  barium  chloride  in  water.  Silicon  was 
brought  into  solution  by  fusion  with  sodium  carbonate  and  sub¬ 
sequent  leaching  with  water  [5].  It  is  very  difficult  to  dissolve  Iridium,  rhodium,  and  ruthenium,  since  they  are 
almost  Insoluble  in  acids.  The  method  of  dissolving  in  a  reagent  tube  [3]  leads  to  strong  contamination  of  the 
solutions  by  silicon.  Yufa  and  Chentsova  have  developed  tlie  following  method  for  dissolving  the  noble  metals 
[6];  two  sheets  of  the  metal  to  be  dissolved  are  placed  in  a  20  solution  of  hydrochloric  acid;  by  using  an  alter¬ 
nating  cunent  with  a  density  of  0.5-5  amp/cm^  the  metal  dissolves.  Standard  solutions  of  rhodium  and  ruthenium 


Fig.  1.  Distribution  of  impurities  in  pow¬ 
dered  samples  of  iridium  with  diffusion 
annealing,  and  without  annealing.  Each 
point  is  the  result  of  one  measurement. 
O-O-O  without  annealing;  0-0  with 
annealing. 
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TABLE  1 


Stnd. 

'  Concentfition.  *1^) 

Total 

No. 

Pt 

Pd 

Ru 

Au 

Ba 

Si 

Rh 

Fe 

Ni 

Cii 

Al 

Pb 

im¬ 

purities 

1 

0,005 

o 

o 

o 

0,005 

0,005 

0,005 

0,1 

0,1 

0,1 

0,1 

0,630 

2 

mm 

■11^ 

0,04 

0,04 

0,04 

0,04 

0,084 

3 

0,02 

■11^ 

0,02 

0,02 

0,02 

0,02 

0,024 

4 

■IMfll 

0,01 

0,01 

0,01 

0,01 

0,084 

5 

0,1 

0,1 

0,1 

0,1 

0,1 

0,1 

0,(K)5 

0,005 

0,005 

0,005 

0,005 

0,005 

0,630* 

TABLE  2 


Line  of  the  im-| 

Line  of  the  re- 

Transmissivity  degree  during  photometric 

purity 

element 

ference  element 

determination  of  impurities,  ^ 

10 

10 

Pd 

3433,45 

Ir 

3310,52 

10 

Pt 

2997,97 

Ir 

2996,08 

40 

Pt 

2702,39 

Ir 

2656,8 

100 

Fe 

2598,34 

Ir 

2592,06 

100 

Fe 

4383,54 

Background 

40 

Fe 

4325,76 

» 

40 

Au 

3122,78 

Ir 

3310,52 

100 

Ni 

3414,8 

Ir 

3310,52 

40 

Si 

2881,58 

Ir 

2996,08 

40 

Si 

2516,12 

Ir 

2656,8 

100 

Cu 

3273,96 

Ir 

3310,52 

Photometric  measurements  based  on  line  width 

Cu 

3247,54 

Ir 

3310,52 

10  [15] 

Ba 

4554,04 

Background 

10 

Pb 

4057,82 

> 

40 

Pb 

2802,0 

Ir 

2656,8 

100 

Ru 

3428,31 

Ir 

3310,52 

40 

AI 

3082,15 

Ir 

2996,08 

10 

TABLE  3 

Line  of  the  im- 

Line  of  there- 

Transmissivity  degree  during  photometric 

purity  element 

ference  element 

determination  of  impurities, 

Pt 

3064,71 

Rh 

3005,82 

40  superimposed  on  the  nickel  line  Ni  3064. 62 

Pt 

2997 ,96 

Rh 

3005,82 

100 

Au 

3122,78 

Rh 

3005,82 

100 

Pd 

3258,78 

Rh 

3237,66 

100 

Ir 

3133,32 

Rh 

3005,82 

100 

Ru 

2874,98 

Rh 

3005,82 

100 

Fe 

2966,90 

Rh 

3005,82 

40 

Ni 

3037,93 

Rh 

3005,82 

40 

Al 

3082,15 

Rh 

3005,82 

10 

.  AI 

3092,71 

Rh 

3005,82 

10 

Cu 

3273,96 

Rh 

3237,66 

10 

Si 

2881,58 

Rh 

3005,82 

100 

Si 

2528,5 

Rh 

2629,9 

100 

Pb 

4057,82 

Background 

40 

Pb 

3689,47 

the  same 

40 

Ba 

4554,04 

> 

1 0  superimposed  on  the  ruthenium  line  Ru  4554 

Pb 

2802,00 

Rh 

3005,90 

100 

Pb 

2833,07 

Rh 

3005,90 

100 

were  prepared  In  this  way.  Spongy  metal  was  dissolved  by  pressing  the  latter  into  sheets  which  were  then  sub¬ 
jected  to  hydrolysis.  Iridium  dissolves  poorly  when  the  electrolytic  method  is  used.  The  iridium  solution  was 
accordingly  prepared  by  dissolvii^  ammonium  chloroiridate,  the  latter  is  readily  soluble  in  aqua  regia;  it  was 
dien  converted  into  a  hydrochloric  acid  solution. 


Figs.  2  and  3.  Comparison  of  series  of  standards  prepared  from  solutions  and  from  metallic  powders. 
Each  point  is  the  mean  of  eight  measurements.  O)  Standards  made  hcom  powders;  X)  standards 
made  from  solutions. 


Fig.  4.  Calibration  curves  for  iron, 
platinum,  and  aluminum  in  rhodium 
in  the  cases  where  die  standards  ctxi- 
tained  about  T?h  of  sodium. 

•)  Standards  from  solutions  contain¬ 
ing  about  1*^  of  sodium  (about  2^  of 
sodium  carbonate);  x)  standards  pre¬ 
pared  from  solutions  free  from  sodium; 
O)  standards  prepared  from  powders. 


rs" 


CZ30>C] 


Fig.  5.  The  shape  of  the  electrodes 
at  different  stages  in  burning. 


Fig.  6.  Effect  of  third  elements  durii^ 
determination  of  iridium  in  rhodium, 
in  the  case  where  the  internal  electro¬ 
lysis  method  was  used.  1)  Iridium  in 
rhodium;  2)  iridium  containii^  rhodium 
as  impurities. 
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Standards  were  prepared  by  these  solutions.  The  solutions 

were  then  evaporated  to  dryness;  the  residues  were  carefully  ground  up  and 
calcined  in  a  tubular  oven  in  a  hydrogen  stream  at  900*.  The  spongy  metal 
obtained  in  this  way  was  carefully  mixed  with  carbon  powder  in  the  propor¬ 
tion  of  2  r  1  for  12  hours  in  a  glass  mixer  [7]. 

The  second  series  of  standards  was  prepared  by  mixit^  metallic  powders, 
using  metal  from  the  same  batch  as  a  base.  Preparation  of  powders  of  most 
metals  is  not  complicated  [8].  Preparation  of  aluminum  and  barium  powders 
proved  to  be  comparatively  complicated.  Aluminum  and  barium  were  ac¬ 
cordingly  used  in  the  form  of  their  oxides.  Powders  with  a  particle  size  of 
15-20  mesh  were  prepared  for  mixing  by  elutriation.  Mixtures  of  iridium 
or  rhodium  with  the  impurities  to  be  introduced  plus  carbon  powder,  and 
weighing  20  g  were  mixed  in  a  mixer  for  15-18  hours,  after  which  they  were 
pressed  in  a  steel  die  20  mm  in  diameter  under  a  pressure  of  about  1600  kg/ cn^. 
The  briquettes  obtained  were  subjected  to  diffusion  annealing  at  1000*  in  a 
stream  of  hydrogen  for  5-6  hours.  The  large  weight  of  the  briquettes  was 
chosen  in  order  to  ensure  that  the  impurities  to  be  used  could  be  measured 
out  accurately  enough,  and  to  decrease  the  weighing  error.  Actually  only 
0.15  g  of  such  a  mixture  is  required  for  an  analysis,  accordingly  the  twenty 
briquettes  were  ground  up  in  a  mortar  after  they  had  been  annealed.  Aliquots 
of  0.15  g  were  dien  taken  from  the  mixtures  for  analysis. 

The  standards  prepared  from  powders  were  checked  to  ensure  diat  mix¬ 
ing  had  been  complete  and  that  the  concentrations  of  the  impurities  was  uni¬ 
form  throughout  the  volume  of  the  sample  on  annealing.  For  this  purpose  two 
briquettes  8  g  each  were  prepared,  one  of  v^ich  was  subjected  to  annealing, 
while  the  other  was  left  in  its  cviginal  state.  Each  briquettes  was  then  ground 
up  and  each  mixture  was  divided  up  into  equal  parts  of  0.15  g  weight  each. 

It  was  found  that  annealing  leveled  out  the  concentration  somewhat  (Fig.  1). 

After  the  two  series  of  standards  had  been  prepared  the  calibration  curves 
constructed  on  the  basis  of  the  two  series  were  compared.  Comparison  of  the 
curves  showed  diat  they  coincide  completely  (Figs.  2  and  3),  i.e.,  both  series 
of  standards  are  identical.  The  original  iridium  was  contaminated  with  lead, 
acccnrdingly  a  second  set  of  standards  had  to  be  prepared  in  which  the  iridium 
was  free  from  lead.  Silicon  was  again,  as  indicated  above,  dissolved  by 
fusion  with  sodium  carbonate.  The  presence  of  a  large  amount  of  sodium 
in  the  standards  leads  to  a  parallel  shift  of  the  curves  (Fig.  4).  Accordingly, 
in  subsequent  experiments  silicon  was  inoroduced  into  both  the  standards 
prepared  from  powders  and  into  standards  prepared  from  solutions,  in  the  form 
of  powdered  silicon  metal. 

The  presence  of  sodium  in  the  samples  led  to  a  significant  increase 
in  die  absolute  sensitivity  of  the  determination  of  the  elements  (Fig.  4). 

Calculation  of  contamination  of  the  base  was  checked  by  the  mediod 
of  additions  both  graphically  [9]  and  analytically  [10].  In  those  cases  where 
the  curve  I  =  /(C)  is  curvilinear,  it  is  possible  to  use  Akimov's  recommenda¬ 
tions  [11].  All  diree  methods  of  calculating  the  contamination  of  die  base 
gave  almost  identical  results. 

Third-element  effectscan  be  disregarded  as  long  as  the  total  of  all  die 
elements  or  of  one  element  does  not  exceed  about  one  percent.  Above  diis 
limit  die  intensity  of  die  base  decreases;  accordingly,  standards  were  pre¬ 
pared  so  that  the  total  amount  of  all  the  impurities  introduced  into  the  base 
did  not  exceed  (see  Table  1).  One  can  only  speak  of  third-element 
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effects  in  connection  witfi  the  standards,  since  many  elements  are  present  in  them  at  the  same  time.  But  tfiit  fact, 
as  indicated  above,  was  taken  into  account. 

In  production  samples  of  iridium  and  rhodium  the  impurities  are  present  in  small  amounts  (hundreddis  and 
thousandths  of  apercent),  but  in  diis  case  third>element  effects  are  scarcely  observed. 

Analytical  Method.  The  methods  for  analyzing  iridium  and  rhodium  are  almost  identical.  Iridium  was 
analyzed  in  the  form  of  metallic  powder,  from  which  three  aliquots  of  0.1  g  each  were  taken.  To  each  aliquot 
was  added  0.05  g  of  spectrographically  pure  graphite  powder,  the  mixture  was  carefully  ground  up  in  a  mortar 
reinforced  with  iridium,  after  which  it  was  pressed  in  a  steel  die  4  mm  in  diameter  under  a  pressure  of  4000- 
5000  kg/cm*.  The  spectrograph  used  was  a  KS-55  apparatus  witfi  a  diree-lem  system  for  illuminating  die  slit. 

The  spectrograph  slit  width  was  0.017  mm  for  iridium,and  0.025  mm  fat  rhodium.  The  lower  electrode  was  a 
graphite  rod  6  mm  in  diameter  sharpened  to  a  truncated  cone  (Fig.  5).  Theintetelectrode  disunce  was  2.5  mm. 

The  excitation  source  was  an  activated  ac  arc  (DG  generator),  the  current  was  8  amp.  The  exposure  time  was 
60  se.  Each  standard  and  each  sample  was  photographed  three  times  through  a  three-stage  attenuator.  The  photo¬ 
graphic  plates  used  were  *Spectrographic  Type  1*  for  the  long-wave  side  and  *Spectrographic  Type  II*  for  die 
short-wave  side;  the  developer  was  metol-hydroquinone  [12],  an  acid  flx^r  was  used  [9].  The  analytical  pair  of 
lines  for  the  analysis  of  iridium  are  given  in  Table  2,  while  those  used  for  the  analysis  of  rhodium  are  given  in 
Table  3. 

During  analysis  of  iridium  the  sensitivity  of  the  determination  of  rhodium  was  approximately  0.01*^,  while 
for  all  the  remaining  elements  it  was  about  a  diousandth  of  a  percent.  For  the  analysis  of  rhodium  at  a  compara¬ 
tively  good  sensitivity  for  the  determination  of  all  the  elements  (thousandths  of  a  percent)  iridium.and  ruthenium 
could  only  be  determined  starting  at  a  level  of  0.1*^.  In  order  to  increase  die  sensitivity  ftx  the  determination  of 
iridium  we  used  the  so-called  method  of  internal  electrolysis  [13,  14]  which  has  been  used  for  the  determination 
of  lead  (0.0001)  in  iron. 

In  our  experiment  we  used  dilute  hydrochloric  acid  solutions  of  rhodium  with  additions  of  iridium.  Aluminum 
was  selected  as  the  anode,  while  die  cathode  was  gold.  In  order  to  take  out  the  iridium  10  ml  of  test  solution  was 
taken,  in  which  short-circuited  plates  of  aluminum  and  gold  were  placed.  After  90  minutes  die  aluminum  plate 
and  the  solution  were  replaced  by  fresh  ones.  This  process  was  repeated  three  times.  As  a  result  of  this  procedure 
a  dense  gray  precipitate  was  deposited  on  the  gold  plate.  The  gold  plate  plus  deposit  was  cut  up  into  three  parts 
and  each  part  fused  in  the  crater  of  a  carbon  electrode  which  was  exposed  at  the  same  done  (globule  arc).  By 
using  this  technique  we  were  able  to  increase  the  sensidvity  for  the  determination  of  Iridium  in  rhodium  five 
dmes.  Curves  constructed  on  the  basis  of  standards  in  which  only  iridium  was  present,  and  on  the  basis  of  stan- 
dards  to  which  had  been  added  all  the  Impurides,  almost  coincide  with  each  other,  i.e.,  die  presence  of  third 
impurides  does  not  interfere  with  the  precipiudon  of  iridium  (Fig.  6).  Thus,  the  internal  electrolysis  method 
enables  die  sensidvity  of  the  determination  of  iridium  in  rhodium  to  be  increased  several  dmes.  The  mediod  of 
determining  iridium  in  rhodium  is  not  suitable  from  an  economic  point  of  view  because  of  the  use  of  gold  electrodes. 

In  order  to  evaluate  the  reproducibility  of  the  method  developed,  calculadons  were  made  on  the  basis  of 
40-50  measurements  of  the  mean  relative  error  of  a  single  determinadon  of  the  concentradon.  As  is  evident  from 
Table  4,  the  values  of  the  errors  are  completely  satisfactory  f(»  the  determinadon  of  low  concentradons,  and, 
since  the  analysis,  as  a  rule.  Is  carried  out  on  two-three  parallel  aliquots,  diis  error  in  practice  decreases  several 
dmes. 


SUMMARY  . 

It  has  been  shown  diat  it  is  possible  to  prepare  standards  for  the  spectrogrt-phic  analysis  of  Iridium  and  rhodium 
from  metallic  powders.  A  method  is  given  for  the  spectrographic  analysis  of  iridium  and  rhodium  for  their  content 
of  twelve  elements  present  as  impurities. 
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Methods  for  the  determination  of  small  amounts  of  boron  in  modern,  complex  alloys  do  not  give  reliable 
results  and  are  difficult  to  carry  out.  The  method  adopted  in  analytical  practice  involves  multiple  and  long  distilla¬ 
tions  of  boron  in  die  form  of  methyl  borate. 

The  aim  of  the  work  described  here  was  to  look  for  a  rapid,  simple,  and  accurate  method  for  the  determin¬ 
ation  of  microgram  amounts  of  boron  in  complex  alloys  based  on  nickel,  iron,  cobalt,  and  titanium  and  contain¬ 
ing  tungsten,  niobium,  molybdenum,  chromium,  silicon,  and  other  elements  using  aliquots  of  0.01*0.05  g. 

Small  aliquots  and  small  volumes  of  solution  cut  down  the  time  for  determining  boron  in  alloys  sharply, 
simplify  separation  of  accompanying  elements,  and  strongly  decrease  the  boron  content  in  the  control  experiment. 

Amoi^  the  various  reagents  used  for  the  photometric  determination  of  boron  [1-23],  alizarin,  quinalizarin, 
and  carminic  acid  are  the  ones  which  have  been  used  most  widely. 

During  a  comparative  study  of  such  reagents  as  curcumin,  quinalizarin,  chromotrope *2B,  carminic  acid, 
and  the  recently  suggested  reagent  arsenazo-2,  we  established  that  the  last  three  reagents  give  the  best  results  for 
the  determination  of  gamma  amounts  of  boron. 

Carminic  acid  was  first  suggested  for  the  determination  of  boron  by  Zorkin  [1].  It  has  been  used  fcx  the 
quantitative  determination  of  boron  in  borate  ores  by  Kazarinova-Oknina  [2].  It  has  also  been  recommended 
that  boron  can  be  determined  by  means  of  a  0.009!/o  solution  of  carminic  acid  in  concenaated  sulfuric  acid. 

This  has  made  it  possible  to  determine  microgram  amounts  of  boron  in  water,  salts,  and  solids  with  satisfactory 
accuracy  [3]. 

In  order  to  establish  the  effect  of  time  on  the  development  of  the  maximum  color  of  the  complex  of  boron 
with  carminic  acid,  experiments  were  carried  out  on  the  spectrophotometric  determination  of  boron  in  which  the 
optical  density  (cuvette  10  mm;  relative  to  concentrated  H2SO4;  X  =  575  mp )  was  measured  at  intervals  of  15 
minutes.  After  standing  for  4  hours  the  color  of  solutions  of  the  complex  was  stable;  the  values  were  unchanged 
after  24  hours.  Experiments  showed  that  by  means  of  carminic  acid  it  is  possible  to  determine  1  p  g  of  boron  in 
die  presence  of  not  more  than  10  pg  Ti^^,  50  pg  Mo^^,  50  pg  Fe^^,  75  pg  and  200  pg  Ni^. 

We  have  tested  a  spectrophotometric  determination  of  microgram  amounts  of  boron  with  the  following 
reagents:  chtomotrope-2B  suggested  by  Komarovskii  and  Poluektov  [4-5],  and  the  new  reagent  arsenazo-2 
synthesized  by  Kuznetsov  for  color  reactions  with  uranium  and  thorium  [6]. 

Development  of  the  coIot  of  the  compound  formed  between  boron  and  a  0.01%  solution  of  chromotrope -2B 
in  concentrated  sulfuric  acid  is  complete  in  45  minutes.  The  color  of  a  solution  of  the  complex  is  stable  for  24 
hours.  The  color  changes  from  violet  to  blue  in  the  presence  of  boron.  Determination  of  tenths  of  a  microgram 
of  boron  is  most  conveniently  carried  out  in  a  volume  of  3  ml  with  0.5  ml  reagent.  The  sensitivity  of  the  detection 
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Fig.  1.  Funnel-eldcixolyzer.  alloys  by  means  of  arsenazo-2. 


of  boron  with  chromotrope -2B  amounu  to  0.07  pg  B/  ml.  The  limiting  dilution  is  1  :  20,000,000.  It  is  possible 
to  determine  1  pg  of  boron  by  means  of  a  0.01*^  solution  of  chromotrope -2B  in  the  presence  of  not  more  than 
6  pg  Ti^^,  5  pg  W^,  55  pg  Mo'^,  75  pg  Ni*^,  and  100  pg  FelH.  Full  development  of  the  color  of  the  complex 
formed  between  boron  and  a  0.009!^  solution  (in  concentrated  sulfuric  acid)  of  arsenazo-2  occurs  in  35  minutes. 

In  the  presence  of  boron  the  color  of  the  reagent  chaises  horn  violet  to  blue  .which  does  not  change  in  the  course 
of  24  hours.  Tenths  of  a  microgram  of  boron  can  be  conveniently  determined  in  a  volume  of  3-4  ml  with  0.5  ml 
of  reagent  (0.009^  solution).  The  sensitivity  of  the  detection  of  boron  with  arsenazo  is  0.1  pg  B/  ml.  The  limit¬ 
ing  diludon  is  1  ;  10,000,000. 

One  microgram  of  B  can  be  detected  with  arseQazo-2  in  the  presence  of  75  pg  Ti^^,  100  pg  W^,  100  pg 
MoVI,  125  pg  Nr^,  and  125  pg  Fe^'.  Thus  boron  can  be  determined  by  means  of  arsenazo-2  at  a  more  favorable 
ratio  of  boron  to  the  other  elements. 

Solutions  of  the  complexes  of  boron  with  chro  mo  trope -2B  and  arsenazo-2  conform  to  Beer's  law.  These  two 
reagents  permit  determination  of  microgram  amounts  of  boron  with  satisfactory  accuracy.  The  methods  which 
we  have  developed  permit  the  determination  of  0.01%  and  higher  of  boron  in  various  modern  complex  alloys. 

It  is  known  that  for  the  determination  of  small  amounts  of  boron,  it  is  usually  recommended  that  die  amount 
of  alloy  taken  for  analysis  should  be  increased  to  2  g  [13,  15].  When,  however,  such  large  aliquots  are  used,  dif¬ 
ficulties  arise  in  connection  with  complete  dissolution  of  complex  alloys  in  sulfuric  acid,  and  also  in  connection 
with  the  time  such  dissolution  takes.  Moreover,  when  such  large  aliquots  are  used,  it  is  difficult  to  oxidize  large 
amounts  of  carbides  completely.  A  large  excess  of  oxidizing  agent  has  to  be  taken,  and  subsequent  decomposition 
of  the  latter  means  a  very  prolonged  boiling  of  the  solution. 

The  high  sensitivity  of  the  reagents  chosen  permits  boron  to  be  determined  on  small  aliquots  (0.01-0.05  g). 
Dissolution  of  this  size  of  sample  of  a  complex  alloy  proceeds  rapidly  (about  15  minutes).  Large  amounts  of 
oxidizing  agent  are  not  required  for  oxidizing  the  solution. 

The  aliquot  of  alloy  (0.05  g)  was  dissolved  in  1  ml  H2SO4  (1  :  2)  in  a  20  ml  quartz  vessel  connected  via  a 
ground  joint  to  an  eight  bulb  reflux  condenser  cooled  with  tap  water;  it  was  dissolved  on  gentle  warming  on  a 
hot  plate  (on  asbestos).  This  amount  of  acid  proved  to  be  the  optimum  for  dissolvit^  0.05  g  of  alloy.  Increasing 
the  amount  of  acid  used  to  dissolve  the  alloy  is  undesirable,  since  increasing  the  volume  of  the  solution  com¬ 
plicates  subsequent  analytical  operations,  particularly  the  electrolysis  on  a  mercury  cathode.  Of  special  import¬ 
ance  is  the  choice  of  oxidizing  agent  and  the  amount  of  it  used,  after  dissolving  the  alloys  in  sulfuric  acid.  It 
was  establidied  that  3^  hydrogen  peroxide  does  not  oxidize  the  carbides  completely;  even  after  boiling  for  a 
long  time  a  black  residue  was  left  on  the  bottom  of  the  flask.  When  3  ml  of  OCTjo  hydrogen  peroxide  was  used 
the  carbides  were  completely  oxidized  in  45  minutes  boiling,  but  the  color  from  the  titanium  compound  with 
hydrogen  peroxide  did  not  disappear.  Ammonium  persulfate  proved  to  be  the  most  efficient  oxidizing  agent  fcx 
the  determination  of  boron  in  alloys  containing  titanium.  Oxidation  of  a  test  solution  of  the  alloy  in  the  presence 
of  0.2  ml  of  a  soluUon  of  silver  nitrate  made  it  possible  to  cut  down  the  amount  of  oxidizing  agent  to  0.5  ml 
of  29^  ammonium  persulfate  solution,  with  subsequent  boiling  of  the  solution  for  12  minutes.  The  carbides  were 
completely  oxidized. 
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TABLE  1 

Comparative  Results  for  the  Determination  of  Boron  in  Alloys  by 
Means  of  Carminic  Acid  (Aliquot  0.05  g,  575  mp  ) 


By  the  distillation  me* 
thod[13,15.19.20.231in 
the  form  of  B(OCHs)4,% 

By  suggested  method, 

% 

Difference, 

% 

0,009 

0,010; 

0,010 

-1-0,001 

0,010 

0,010; 

t),0l0 

— 

0,030 

0,030; 

0,032 

-^0,001 

0,035 

0,035; 

0,033 

-0,001 

0,0/j7 

0,046; 

0,046 

-0,001 

0,050 

t»,055; 

0,055 

-t-0,055 

TABLE  2 

Spectrophotometric  Determination  of  Small  Amounts  of  Boron  in  Complex 
Alloys  by  Means  of  Carminic  Acid  (Aliquot  0.05  g,  575  mp ) 


Alloy 

Boron  con¬ 
tent,  % 

Boron 
found ,% 

Difference 

% 

Chromenickel  alloy  based  on  Ni 

0,(K)6 

0,006 

-1-0,0002 

The  same 

0,015 

0,015 

— 

»  » 

0,025 

0,0245 

—0,0005 

0,045 

0,045 

— 

Alloy  based  011  Co 

0,014 

0,015 

-f0,001 

The  same 

0,020 

0,020 

—0,0001 

0,028 

0,029 

0,001 

0,060 

0,060 

— 

Alloy  based  on  Fe* 

The  same 

0,022  •• 
0,031  •• 

0,040** 

0,020 

0,030 

0,040 

—0,002 

0,001 

0,060** 

0,061 

0,001 

•  0.025  g  aliquot. 

**  Boron  was  introduced  into  a  solution  of  the  alloy  in  the  form  of  H3BO3 
(standard  solution). 


TABLE  3 

Spectrophotometric  Determination  of  Small  Amounts  of  Boron  in  Titanium 
Alloys  by  the  Method  of  Additions  (Aliquot  0.01  g) 


Contained 
In  the 
alloy,  % 

Found 

Difference. 

<70 

Reagent 

0,005 

0,0018 

—0,0002  \ 

0,010 

0,0096 

— 0,(KK)4 

Arsenazo'2  (640  mp  ) 

0,015 

0,0152 

+0,00l>2  j 

0,015 

0,0153 

-!-0,(KK)3  ) 

-f-0,001 

0,020 

0,021 

Carminic  acid(575  mp ) 

0,025 

0,026 

-|-0,(K)1  ) 

0,005 

0,(K)56 

-1  0,(XK)6  ^ 

-|-0,0!X)5  ( 

t),0075 

'•,0125 

0,0075 

0,0130 

Chromotrope -2B  (620  mp  ) 
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Special  experiments  showed  that  no  boron  is  lost  during  dissolution  of  the  alloy. 

A  mercury  cathode  was  used  for  removing  accompanyii^  elements  from  boron  after  the  aliquot  of  alloy 
had  been  dissolved.  A  mercury  cathode  has  been  used  for  the  volumetric  determination  of  boron  by  Chizhevskii 
[7]  and  Kar  [8]. 

We  should  like  to  put  forward  a  model  of  a  funnel- electrolyzer  (Fig.  1)  for  separatli^  boron  horn  inter¬ 
fering  elements;  it  is  made  from  glass  and  has  double  walls  between  which  water  circulates  continuously.  The 
capacity  of  die  funnel  is  35  ml.  We  have  also  tested  a  model  of  a  funnel-electrolyzer  with  a  ca  lacity  of  5  ml. 
for  carryii^  out  experiments  in  a  small  volume.  Cooling  of  the  electrolyzer  with  tap  water  during  electrolysis 
enables  the  temperature  of  the  electrolyzer  to  be  kept  below  25*. 

Boron  was  separated  from  titanium  and  zirconium  (after  electrolysis  with  a  mercury  cathode)  by  means  of 
alkali.* 

After  removal  of  titanium  and  zirconium  widi  alkali,  the  solution  containing  boron  was  evaporated  with 
concentrated  H1SO4.  According  to  published  data  [14],  acid  evaporation  without  loss  of  boron  is  possible  when 
alkali  metal  salts  are  present.  Our  experiments  confirmed  this. 

Comparative  results  of  the  determination  of  boron  (Table  1)  showed  that  the  method  we  have  developed  has 
good  accuracy  and  reproducibility. 

By  using  small  aliquots  and  small  volumes  of  solution,  and  by  using  alkali  with  a  high  degree  of  purity, 
the  amount  of  boron  in  the  control  experiments  is  very  insignificant  and  does  not  reflect  on  the  determination  of 
boron. 

On  the  basis  of  the  results  obtained,  experiments  were  carried  out  on  the  spectrophotometric  determination 
of  boron  in  alloys  based  on  nickel,  cobalt,  and  iron. 

The  most  complicated  problem  in  the  determination  of  boron  in  alloys  based  on  titanium  is  the  separation 
of  boron  from  titanium. 

We  used  an  alkali  separation.  Many  experiments  with  various  microgram  amounts  of  boron  showed  that 
during  the  alkali  separation,  boron  is  not  absorbed  by  the  titanium  precipitate  (0.01  g  aliquot),  and  does  volatilize 
during  the  subsequent  acid  evaporation. 

A  check  on  the  completeness  of  precipitation  of  titanium  (0.01  g)  with  alkali  was  carried  out  in  all  the  ex¬ 
periments.  After  filtering  off  the  precipitate,  titanium  could  not  be  detected  in  the  sulfuric  acid  solution  by  means 
of  hydrogen  peroxide. 

After  removing  the  titanium  with  alkali  and  evaporating  with  H1SO4,  boron  can  be  finally  determined  by 
means  of  car  minic  acid,  chromotrope -2B,  and  arsenazo-2.  F(x  low  boron  contents  in  titanium  alloys,  it  is  con¬ 
venient  to  determine  boron  by  the  method  of  additions  (Table  3). 

Analytical  ftocedure  for  Chromonickel.  Cobalt,  and  Iron**  Alloys.  0.05  g  of  finely  ground  ribbon  is  placed 
in  the  20  ml  quartz  vessel. the  diameter  of  the  bottom  of  which  is  20  mm;  this  vessel  is  connected  via  a  ground 
joint  to  an  eight  bulb  reflux  condenser;  the  aliquot  is  dissolved***  in  1  ml  of  HtS04  (1  :  2)  on  gentle  warming  on 
an  asbestos  sheet  placed  on  a  hot  plate.  Dissolution  is  complete  in  15-20  minutes,  depending  on  the  degree  to 
which  the  sample  has  been  ground.  In  order  to  avoid  heating  die  neck  of  the  flask,  it  is  covered  with  asbestos. 
When  the  sample  has  dissolved  the  flask  is  cooled  and  disconnected  from  the  condenser.  0.5  ml  of  a  freshly  pre¬ 
pared  25!^  solution  of  ammonium  persulfate  is  added  and  0.2  ml  of  a  iPio  solution  of  silver  nitrate.  The  flask  is 
connected  to  the  condenser  and  the  solution  heated  to  the  boil  and  boiled  for  15  minutes  until  excess  oxidizing 
agent  has  been  completely  destroyed  (cessation  of  liberation  of  bubbles). 

Heating  is  stopped,  and  without  disconnecting  the  flask,  three  lots .3  ml  each  .of  cold  distilled  water  are 
poured  through  the  top  of  the  condenser  to  wash  the  walls  down.  The  flask  is  frien  disconnected  and  the  solution 
filtered  free  from  the  precipitate  of  tungstic  and  niobic  acids,  the  filter  is  washed  twice  with  water.  The  filtrate 

*  Kal'baum  and  Merck  alkali  was  used. 

**  0.025  g  aliquots  are  used  for  alloys  based  on  iron. 

***A11  die  reagents  must  be  measured  out  with  a  pipet. 
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is  diluted  to  15  ml  with  water  and  is  transferred  to  the  electrolyzer  containii^  a  mercury  cathode.  The  funnel- 
electrolyzer  has  double  glass  walls  thro'jgh  which  circulates  tap  water  for  coolii^  the  solution  in  order  to  avoid 
volatilization  of  the  boron.  The  temperature  of  the  solution  should  not  exceed  20*.  After  15-20  minutes  the  de¬ 
colorized  solution  is  tested  for  absence  of  Ni,  Co,  Fe,  and  Cr  (depending  on  the  alloy  base)  by  means  of  spot  re¬ 
actions.  Next,  without  switching  off  the  current,  the  solution  from  the  electrolyzer  is  poured  dirough  die  funnel 
into  a  quartz  beaker.  The  mercury  surface  is  washed  four  times  wldi  2.5  ml  portions  of  distilled  water  added  by 
means  of  a  pipet.  2.5  ml  of  a  A(f1o  solution  of  NaOH  is  added  by  means  of  a  pipet  and  the  solution  heated  on  the 
water  badi  until  the  precipiute  has  coagulated.  The  precipiute  which  contains  titanium  and  zirconium  is  filtered 
off,  washed  three  times  with  1  ml  lots  of  1*^  NaOH  and  then  discarded.  To  the  fllttate  in  the  quartz  beaker  is 
added  concentrated  H1SO4  dropwise,  until  the  solution  gives  an  acid  reaction  to  congo  red  paper.  Another  10  ml 
of  concentrated  H1SO4  is  added  by  means  of  a  pipet,  followed  by  2-3  drops  of  HNO|  (1.40),  and  the  solution  eva¬ 
porated  twice  until  the  appearance  of  thick  white  fumes,  which  are  allowed  to  come  off  for  5  minutes.  After  the 
flask  has  been  cooled,  10  ml  of  a  0,00$%  solution  of  carminic  acid  in  concentrated  H1SO4  is  added*  and  the  solution 
allowed  to  stand  for  4  hours  for  the  color  to  develop  completely  (it  can  be  left  overnight). 

The  optical  density  of  the  solution  is  measured  at  575  mp  in  a  10  mm  quartz  curvette  on  a  SF-4  apparatus. 
Concentrated  H1SO4  is  poured  into  the  parallel  cuvette.  A  control  solution  which  is  taken  through  all  the  stages 
of  the  analysis  is  prepared  for  each  series  of  determinations.  Chromotrope- 2B  and  arsenazo-2  can  be  used  instead 
of  carminic  acid  (see  analytical  procedure  for  tiunium  alloys). 

Determination  can  also  be  carried  out  visually  by  the  standard-series  method. 

It  is  best  to  construct  a  calibration  curve  for  each  alloy,  using  alloys  similar  in  composition  but  free  from 
boron.  The  boron  is  introduced  as  a  standard  solution  of  H3BO9. 

Analytical  Procedure  for  Titanium  Alloys.  0.01  g  of  titanium  alloy  is  dissolved  in  die  quartz  vessel  con¬ 
nected  to  an  eight  bulb  condenser  via  a  ground  joint,  using  1  ml  of  1^804  1  :  3.  When  the  aliquot  has  dissolved, 
0.15  ml  of  a  15*70 solution  of  ammonium  persulfate  is  added  by  means  of  a  pipet  in  order  to  oxidize  the  solution; 
after  20  minutes  moderate  boiling  the  solution  is  cooled.  The  solution  should  be  colorless.  1  ml  of  water  is  added 
through  the  top  of  the  condenser.  The  contents  of  the  quartz  flask  are  transferred  to  a  25  ml  quartz  beaker  and 
Congo  red  indicator  paper  immersed  in  it.  2.5  ml  of  40%  NaOH  is  added.  The  solution  is  heated  on  a  water  badi 
until  the  precipitate  has  coagulated,  the  latter  is  filtered  through  a  small  funnel  fitted  with  white  band  filter  paper 
and  a  small  amount  of  macerated  paper.  The  first  pardon  of  filtrate  is  returned  from  a  second  passage  through 
the  filter.  The  Alter  plus  precipitate  are  washed  three  dmes  with  1  ml  lots  of  1%  NaOH  (when  the  test  alloy  con¬ 
tains  chromium  and  nickel,  the  soludon  is  electrolyzed  on  a  mercury  cathode).  To  the  Altrate  is  added  7  ml  of 
concentrated  H2SO4,  5  drops  of  concentrated  HNO9*  and  the  solution  evaporated  undl  white  fumes  of  sulfuric 
acid  come  off.  These  are  allowed  to  come  off  for  5  minutes. 

On  coolir^,  2  ml  of  a  0,02$%  solution  of  carminic  acid,  or  3  ml  of  a  0.01*7>  soludon  of  chromotrope -2B,  or 
3  ml  of  a  O.OOdTo  soludon  of  arsenazo-2  is  added,  and  the  optical  density  measured  on  a  SF-4  spectrophotometer. 
For  the  determination  of  0.005-0.037>  of  boron  in  dtanium  alloys  it  is  best  to  use  the  method  of  additions. 

SU  MMARY 

A  simple  and  accurate  method  is  suggested  for  the  determination  of  microgram  amounts  of  boron  in  small 
aliquots  of  alloys  based  on  nickel,  cobalt,  iron,  and  titanium.  The  method  does  not  require  preliminary  distilladon 
of  boron  as  methyl  borate.  Separadon  of  boron  from  accompanying  element  is  effected  on  a  mercury  cathode. 

Optimum  conditions  have  been  established  for  the  spectrophotometric  dete:  rdnation  of  microgram  amounts 
of  boron  in  various  alloys,  using  carminic  acid,  chromotrope -2B,  and  arsenazo-2  as  reagents. 
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So-called  manual  methods  predominate  to  a  significant  extent  in  elemental  organic  analysis;  the  results 
obtained  when  such  methods  are  used  depend  to  a  certain  extent  on  the  individual  characteristics  of  the  analyst. 

We  have  set  ourselves  the  problem  of  developing  a  method  for  an  objective  instrumental  finish  for  the  determin¬ 
ation  of  carbon  and  hydrogen.  A  conductometric  mediod  was  chosen  as  the  means  for  measuring  the  amounts  of 
the  final  combustion  products*-  carbon  dioxide  and  water.  Existing  variants  of  the  conductometric  determination 
of  low  contents  of  carbonfl -7]  have  proved  insufficiently  accurate  for  organic  analysis,  in  which  it  is  required  to 
determine  a  high  carbon  content  in  an  aliquot  widi  a  relative  error  of  0.2-1*^.  The  necessary  accuracy  was  achieved 
after  constructing  cells  for  measuring  the  electrical  conductivity  which  answered  the  specific  requirements  of  ele¬ 
mental  microanalysis.  The  basis  of  the  conductometric  determination  of  hydrogen  is  based  on  the  interaction  be¬ 
tween  water  and  carbon  at  high  temperatures  in  an  inert  gas  atmosphere,  according  to  the  scheme:  C  H|0  =  CO  •¥ 

*  Hj.  This  reaction  has  been  used  for  the  direct  determination  of  oxygen  [8-11],  and  for  die  iodometric  determina¬ 
tion  of  hydrogen  in  organic  compounds  [12],  and  also  for  die  determination  of  small  amounts  of  water  in  gases  [13]. 
We  have  used  it  for  the  conductometric  determination  of  hydrogen  in  organic  material  on  one  aliquot  together  with 
carbon  [14]. 

The  determination  is  carried  out  in  two  stages.  First  of  all  an  aliquot  of  organic  material  is  subjected  to 
pyrolytic  combustion  in  an  unfilled  tube  in  a  rapid  stream  of  oxygen  [15].  The  water  obtained  is  frozen  out  with 
a  mixture  of  dry  ice  (solid  COj)  and  acetone,  while  the  carbon  dioxide  is  passed  into  a  cell  containing  dilute  al¬ 
kali  in  order  to  determine  the  conductivity.  The  hrozen  water  is  then  evaporated  in  an  argon  or  nitrogen  stream 
onto  a  contact  layer  of  platinized  carbon  black  [11],  where  the  oxygen  of  the  water  reacts  widi  carbon  to  form  CO. 
The  CO  is  subsequently  heated  over  cupric  oxide  [11]  to  COj,  and  the  latter  passed  into  the  cell  for  electrical 
conductivity  measurement.  Thus,  both  carbon  and  hydrogen  are  determined  on  the  basis  of  the  change  in  electrical 
conductivity  of  the  absorbii^  solution. 

Conductometric  determination  of  carbon  and  hydrogen  has  die  advantage  over  the  usual  gravimetric  determin¬ 
ation  in  that  the  reproducibilitv  of  the  results  is  better;  this  should  be  related  to  the  higher  "objectivity*  of  the 
measurements,  and  the  eliminationof  factns  which  affect  die  accuracy  of  the  results,  such  as  changes  in  atmos¬ 
pheric  conditions,  electrical  charging  of  the  surface  of  die  apparatus  beii^  weighed,  errors  in  the  weights  and 
riders.  In  addition,  such  a  measurement  technique  permits  one  to  study  the  combustion  of  aliquots  with  time, 
which  is  of  undoubted  interest.  And,  finally,  measurements  of  electrical  conductivity  can  be  unconditionally  auto¬ 
matized. 

Simultaneously  with  development  of  an  instrumental  finish  for  the  analysis,  we  also  wished  to  carry  out  com¬ 
bustion  of  test  material  without  any  supervision  from  the  analyst.  Determinadon  of  carbon  and  hydrogen  consists 
of  three  stages:  taking  samples,  combustion  of  test  material,  and  measurement  of  the  final  combustion  products. 
The  most  difficult  are  the  two  last  stages.  Attempts  to  automatize  elemental  microanalysis  have  been  made  re- 
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TABLE  1 


Microdeterminadon  of  Carbon  and  Hydrogen 


Aliquot, 

c.  %  1 

H.  % 

Material 

mg 

found 

differ- 

found 

differ- 

ence 

ence 

CHjCOCH, 

62,03%  C 

1,470 

61,96 

—0,07 

10,47 

10,56 

+0,05 

+0,14 

10,42%  H 

0,906 

61,80 

—0,23 

C,H,OCsH, 

64,86%  C 

1,853 

65,03 

-f0,17 

13,69 

13,56 

+0,18 

+0,05 

13,51%  H 

0,716 

64,86 

0,00 

C*H,COOH  • 

68,86%  C 

1,229 

69,02 

+0,16 

—0,04 

5,16 

5,04 

+0,18 

+0,06 

4,98%  H 

1,020 

68,82 

/ 

o 

1 

7,74 

+0,04 

.i;-co/0' 

{CH,),C:CH  -  (CH,),  /  ^ 

1,052 

72,05 

+0,20 

71,85%  C 

7,66 

-0,04 

7,70%  H 

1,172 

71,76 

—0,09 

^\/s 

1  II  1 

0,988 

93,56 

—0,08 

6,47 

+0,15 

V/N/ 

93,68%  C 

6,60 

+0,28 

6,32»/o  H 

0,710 

93,38 

—0,30 

1  li  ^ 

1,006 

60,77 

+0,27 

4,33 

+0,10 

60,50%  C 

4,24 

+0,01 

4,23%  H 

0,934 

60,47 

—0,03 

C,H,(OH)(NO,), 

31,45%  C 

2,257 

31,50 

+0,05 

1,35 

1,30 

+0,03 

—0,02 

1,32%  H 

1,652 

31,67 

+0,22 

CClaCHjCHBrCHjOC  (:0)  CCU 

17,94%  C 

2,248 

17,90 

—0,04 

1,19 

—0,07 

—0,10 

1,26%  H 

2,974 

18,05 

+0,11 

1,16 

CCI,=CCICHjS02CoHj 

37,840/^  C 

1,112 

37,82 

—0,02 

2,46 

+0,01 

+0,17 

2,45%  H 

1,488 

37,98 

+0,14 

2,63 

(CFjCFjCFjCFjCONHj), 

24,59%  C 

1,738 

24,35 

—0,24 

0,77 

—0,05 

—0,05 

0,82%  H 

1,689 

24,44 

—0,15 

0,77 

(CH3)3SiCH  (CHs)CN 

58,r.3%  c 

1,755 

56,59 

—0,04 

10,08 

—0,22 

—0,09 

10,30%  H 

1,487 

56,82 

+0,19 

10,21 

1,077 

43,34 

—0,17 

5,02 

+0,15 

43,51%  C 

+0,25 

4,87%  H 

0,911 

43,47 

—0,04 

5,12 

(CH,),  NQ,H4HgNHC«H4NO  * 

38,10%  C 

1,980 

38,33 

+0,23 

3,51 

3,44 

+0,11 

40,04 

3,40%  H 

1,743 

38,32 

+0,22 

(n-C3H,)aSnO* 

32,61%  C 

1,320 

32,80 

+0,19 

6,44 

6,36 

+0,06 

—0,02 

6,38%  H 

1,374 

32,68 

+0,07 

*Conibusdon  was  carried  out  by  means  of  an  oven  moved  forward  automatically. 
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Fig.  1.  Setup  for  the  combustion  and  determination  of  carbon. 


peatedly,  but  all  these  attempts  have  been  directed  solely  at  the  second  stage,  namely  to  combustion  of  the  ali¬ 
quots.  For  dlls  purpose  various  types  of  heater  have  been  suggested  which  move  forward  at  a  given  rate  and  are 
stopped  or  switched  off  when  the  pressure  inside  the  tube  increases  [16-19].  The  most  expedient  method  for  auto¬ 
mation  of  this  stage  of  the  organic  analysis  is  to  create  optimum  conditions  for  combustion,  high  temperatures  and 
a  large  excess  of  oxygen,  when  regulation  of  the  combustion  fvocess  becomes  unnecessary.  An  example  of  this  is 
the  combustion  of  organic  halogen  compounds  carried  out  by  Wickbold  [20]  in  an  oxygen-hydrogen  flame,  both 
gases  being  passed  through  at  high  rates  directly  from  cylinders,  or  combustion  of  metals  by  Malissa  [7]  at  1000* 
and  an  oxygen  rate  measured  in  hundreds  of  ml  per  minute.  Nevertheless,  we  were  able  to  achieve  rapid  quanti¬ 
tative  combustion  using  significantly  lower  oxygen  rates,  and  not  such  high  temperatures.  By  increasing  the  ratio 
of  the  rate  of  oxygen  to  sample  five  times,  by  cuttii^  down  the  sample  weight  to  1  mg,  combustion  without  super¬ 
vision  from  the  analyst  could  be  carried  out  in  3-5  minutes. 

The  method  suggested  has  been  used  for  carbon  and  hydrogen  determination  in  65  organic  compounds  of 
different  composition  and  properties  [30].  Examples  are  given  in  Table  1. 

Apparatus.  The  apparatus  for  C  and  H  determination  consists  of  a  combustion  setup,  a  setup  for  conversion 
of  water,  and  apparatuses  for  measurii^  electrical  conductivity. 

Combustion  Setup  (Fig.  1).  The  usual  setup  for  rapid  determination  of  C  and  H  [15,  21]  is  used,  but  instead 
of  absorption  apparatus  and  Mariott  flasks,  a  trap  for  freezing  out  the  water,  and  a  cell  for  determining  CO|  from 
the  change  in  electrical  conductivity  are  connected  to  the  combustion  tube. 

The  trap  is  a  thick-walled  quartz  capillary  U-tube  in  which  the  capillary  diameter  is  1  mm,  the  length  of 
each  arm  of  the  U-part  being  70  mm  and  ihe  length  of  each  lead-out  tube  being  50  mm. 

Setup  for  Conversion  of  Water  (Fig.  2)  consists  of  a  system  for  purifying  the  inert  gas  (argon  or  nitrogen) 
from  traces  of  oxygen  (see  [11]),  a  trap  with  the  frozen  water,  a  Dewar  vessel,  a  three-way  tap,  a  conuct  apparatus 
with  platinized  carbon  black  heated  to  900”,  and  the  oxidizii^  apparatus  containing  cupric  oxide,  to  which  the 
cell  is  connected  directly.  When  the  contact  apparatus  is  being  filled  with  platinized  carbon  black,  it  is  necessary 
to  put  on  the  bottom  of  the  apparatus  sufficient  broken  quartz  so  that  the  layer  of  platinized  carbon  black  is  heated 
along  its  whole  length  to  the  requisite  temperature. 

Test  materials  are  weighed  on  a  Bunge  microbalance. 

The  Apparatus  for  Measuring  the  Electrical  Conductivity  is  based  on  a  Wheat'tone  bridge  and  consists  of 
a  sound  generator  (ZG-10)  as  an  ac  source,  a  dc  bridge  (MTV),  the  three-component  risistances  of  which  serve 
as  three  arms  of  the  Wheatstone  bridge,  a  capacity  box  (ME-3)  for  compensation  and  self- inductance,  an  electronii 
oscillograph  (^0-7)  as  a  zero  instrument,  and  two  working  cells  for  measuring  electrical  conductivity. 

The  Cell  for  Measuring  the  Electrical  Conductivity.  As  a  result  of  the  combustion  of  1  mg  of  an  organic 
compound,  3.5  mg  of  carbon  dioxide  is  formed  which  passes  into  the  cell  together  with  the  oxygen  stream  passing 
through  the  apparatus  at  the  rate  of  30  ml/ minute,  a  large  fraction  of  this  COj  passes  into  the  cell  in  die  course 
of  2-3  minutes.  It  is  necessary  under  these  conditions  to  ensure  complete  absOTption  of  COj  and  to  level  out  the 
concentration  of  the  absorption  solution  in  the  shortest  possible  time.  Cells  designed  previously  [3,  6,  22]  for  the 
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Anhydrone  askarite 


Pt-carbon 


askarite 


concentrated  HjSO* 


Fig.  2.  Setup  for  convertii^  the  water. 


determination  of  small  amounts  of  carbon  proved  inapplicable  for  measuring  such  small  amounts  of  COj.  Below 
is  given  the  description  of  a  cell  modified  by  the  authors  so  that  it  would  answer  the  demands  placed  on  it  (Fig. 
3).  The  gas  containing  the  COf  formed  passes  through  die  side  tap  a  and  the  capillary  spot  ^into  the  cell,  and 

internal  ground 


external  ground 
joint 


platinum 

electrode 


Fig.  3.  Cell  fOT  electrical  conductivity  measurement. 


bubbles  along  a  coil  2  m  long  through  the  absorption  solution  leading  to  simultaneous  circulation  of  the  liquid 
along  the  whole  cell.  The  carbon  dioxide  is  absorbed  by  alkali,  while  the  transport  gas  passes  through  a  guard 
tube  conuining  askarite  to  die  atmosphere.  The  cell  containing  the  electrodes  is  in  the  form  of  a  horizontally 
arranged  cylinder.  Thanks  to  the  branching  of  the  inlet  tube  the  solution  passes  along  tubes  £  and  £  directly  onto 
the  electrodes,  the  dead  space  between  the  electrode  and  the  wall  of  the  cell  is  eliminated,  and  complete  mix¬ 
ing  of  the  solution  is  speeded  up.  Two  platinum  plates  13  x  13  mm  serve  as  the  electrodes.  The  distance  be¬ 
tween  them  is  30  mm.  The  smooth  surface  and  the  vertical  arrangement  of  the  elecnrodes  permits  one  to  reduce 


TABLE  2 

Checking  on  the  Completeness  of  Absorption  of  CO|  in  the  Cell. 


Test  material 

Weight 

of 

Gas  out¬ 
put. 

C  found,  % 
(relative) 

Total 

aliquot, 

mg 

ml/mi  n 

1 

1 

In  the 
first 

1  cell 

Id  the  i 
second  I 
cell  I 

cx:och3 

1,015 

30 

100,2 

0 

100,2 

CHal 

/\|/\ 

0,987 

99,9 

0 

99,9 

i 

0,994 

45 

99,4 

0,6 

100,0 

%  C  =75,00 

1,002 

96,6 

3,0 

99,6 

to  a  minimum  errors  arising  from  deposition  of  solid  particles  of  BaCOs  [when  a  Ba(OH){  solution  is  used  as  ab¬ 
sorbent]  on  the  platinum  surface.  The  cell  is  filled  (to  the  mark)  and  the  solution  is  replaced  dirough  a  lower 
three-way  tap  g.  The  capacity  of  the  cell  is  55  ml.  The  cell  has  a  water  jacket  and  is  thermostatted  at  25  ±0.1*. 
Experiments  carried  out  with  two  cells  connected  in  series  showed  that  at  a  gas  rate  of  30  ml/  min  CO}  is  com¬ 
pletely  absorbed.  On  increasing  the  rate  1.5  times,  i.e.,  to  45  ml/  min  some  of  the  COjWas  found  to  have  passed 
into  the  second  cell  (Table  2).  A  cell  of  die  same  design  is  also  used  for  the  determination  of  hydrogen  in  organic 
materials  [14]. 

1)  Reagents.  Cupric  oxide  in  wire  form.  The  carbon  black  which  is  granulated  contains  platinum  ab¬ 
sorbed  by  Bondarevskii's  mediod  [23].  The  residue  after  evaporation,  without  additional  drying,  is  calcined  while 
the  temperature  of  the  oven  is  gradually  increased. 

2)  Anhydrone.  3)  Askarite.  4)  Nitrogen  or  argon  of  the  highest  purity. 

5)  0.01  Solutions  of  NaOH  or  Ba(OH)|  are  prepared  by  dissolving  2  g  NaOH  (analytical  grade)  or  8  g  Ba 
Ba(OH)j  •  8HjO  (analytical  grade), respectively, in  5  liters  of  boiled  water  free  from  COj.  After  standing  for  24 
hours  the  clear  part  of  the  solution  is  decanted. 

Analytical  Procedure.  Taking  Samples.  The  analysis  is  carried  out  with  about  1  mg,  i.e.,  about  a  fifth 
of  the  amount  used  in  microanalysis.  In  order  to  avoid  errors  connected  with  the  weighing  of  the  comparatively 
large  quartz  test  tubes  in  which  the  combustion  is  carried  out,  the  aliquot  is  placed  in  a  small  platinum  boat, 
which,  prior  to  combustion  is  placed  in  an  empty  quartz  test  tube  which  is  always  kept  in  the  combustion  tube. 

This  method  of  introducing  the  sample  decreases  the  error  of  the  blank  run,  since  the  minimum  amount  of  con¬ 
taminated  laboratcary  ait  is  allowed  into  the  setup,  and  the  time  for  sweeping  the  apparatus  with  oxygen  prior  to 
combustion  is  cut  down. 

Analytical  Procedure  when  0.01  N  Ba(OH)^  Solution  is  Used  ar,  the  Absorbent.  The  apparatus  is  assembled 
as  shown  in  Figs.  1  and  2.  The  cell  used  for  measuring  the  electrical  conductivity  (Fig.  3)  is  washed  twice  with 
0.01  N  Ba(OH)2  solution.  Tap  b  is  used  for  filling  and  emptying.  The  side  tap  b(Fig.  l)should  be  closed.  The  cell 
is  then  filled  with  the  same  solution  to  the  mark,  and  by  steadily  turnit^  tap  a  oxygen  is  allowed  to  start  bubbling 
through  coil£.  The  position  of  the  side  tap  is  regulated  so  that  the  level  of  the  solution  in  the  cell  rises  to  a  line 
previously  marked  out  with  a  dye  on  die  outer  surface  of  die  glass  jacket  surrounding  the  coil.  This  line  corres¬ 
ponds  to  a  gas  throughput  of  30  ml/  min. 

While  the  apparatus  is  being  swept  out  (5  min)  with  oxygen,  an  aliquot  of  about  1  mg  is  weighed  out;  with 
tap  a  closed  (Fig.  1)  the  quartz  test  tube  is  removed  from  the  combustion  tube  and  the  boat  plus  sample  placed 
in  it,  and  the  quartz  tube  then  replaced  in  the  combustion  tube.  Tap  £  is  opened  again,  and  after  2-4  min  the 
resistance  readii^  becomes  constant  enough  (an  increase  of  about  0.2  ohm  pet  minute  for  a  total  resistance  of 
330  ohms).  Measurement  of  the  resistance  is  carried  out  for  an  ac  frequency  of  1,000  cps,  and  a  voltage  of  4  volts. 
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for  a  resistance  of  the  two  arms  of  the  bridge  of  100  ohms  each,  and  for  the  maximum  increase  in  the  vertical 
and  horizontal  inputs  of  the  oscillograph.  When  the  bridge  is  unbalanced,  Lissajous  figures  appear  on  the  oscillo¬ 
graph  screen.  Depending  on  the  sign  of  the  slope  and  the  shape  of  the  figure,  the  resistance  of  the  third  arm  and 
the  capacity  decreases  or  increases  until  the  ellipse  changes  into  a  horizontal  straight  line  which  indicates  that 
the  bridge  is  balanced.  Having  taken  the  reading  of  the  apparatus,  the  trap  for  the  water  is  immersed  in  a  Dewar 
vessel  containing  die  dry  ice- acetone  mixture  which  has  a  temperature  of  about -70*,  and  a  MAG -01  electric 
oven  is  fitted  onto  the  combustion  tube  so  that  it  covers  the  op>en  end  of  the  quartz  test  tube  and  the  part  con¬ 
taining  the  boat  plus  sample.  Combustion  is  complete  in  3-5  min  on  moving  the  oven  on  to  the  test  tube  by  hand 
(in  3-4  stages)  cn:  automatically.  There  is  no  need  to  supervise  the  combustion.  During  combustion,  voltage  is 
not  applied  to  the  cell  used  for  measuring  the  electrical  conductivity  in  order  to  avoid  evolution  of  Joule  heat. 

Ten  minutes  after  the  first  reading,  the  reading  of  the  apparatus  is  taken  again,  tap£  is  closed,  the  trap 
with  the  frozen  water  is  disconnected  and  without  removing  it  from  the  Dewar  flask,  it  is  connected  into  the 
setup  for  convertii^  the  water  (Fig.  2).  Usually  the  water  freezes  out  in  die  first  arm  of  the  U-tube  with  respect 
to  the  direction  of  the  gas  flow,  so  that  this  arm  should  be  turned  towards  the  system  used  for  purifyir^  the  argon 
on  switching  from  the  combustion  apparatus  to  the  water  conversion  apparatus,  otherwise  during  preliminary  sweep¬ 
ing  of  the  apparatus  with  argon  some  water  may  be  lost.  The  cell  on  the  water-conversion  setup  is  washed  and 
filled  with  barium  hydroxide  solution  during  the  combustion  of  the  aliquot.  After  connecting  up  the  trap  contain¬ 
ing  water  to  the  water-conversion  setup.  tap£  is  set  in  position  I  (Fig.  2)  for  3-4  minutes  and  the  oxygen  is  ex¬ 
pelled  by  means  of  argon  passed  through  the  apparatus  at  the  rate  of  40-50  ml/ min.  Tap  a  is  then  turned  to  po¬ 
sition  II  (Fig.  2),  and  side  tap  ^  is  slowly  opened, the  argon  being  initially  passed  through  the  cell  at  a  rate  of 
25-30  ml/  min.  When  the  change  in  the  readings  of  the  apparatus  does  not  exceed  0.1-0. 3  ohm  per  minute,  the 
first  reading  is  taken;  the  Dewar  flask  is  removed  and  a  vertical  tubular  oven  heated  to  300”  fitted  on  to  the  U- 
shaped  bend  of  the  water  trap.  The  water  is  evaporated  and  is  carried  by  the  gas  stream  over  a  layer  of  platinized 
carbon  black  heated  to  900*.  The  carbon  monoxide  formed  passes  with  the  argon  stream  into  the  oxidizing  appa¬ 
ratus  filled  with  CuO  at  300*,  in  which  carbon  monoxide  is  oxidized  to  the  dioxide.  The  latter  passes  into  the 
electrical  conductivity  cell  and  is  absorbed  by  the  alkali,  while  the  argon  passes  out  into  the  atmosphere.  The 
reading  of  the  apparatus  is  taken  again  after  10  min.  When  series  of  determinations  are  being  carried  out,  com¬ 
bustion  of  a  second  aliquot  can  be  carried  out  while  determination  of  hydrogen  is  being  carried  out  on  the  first 
aliquot  in  a  second  setup. 

Substances  containing  C,  H,  O,  and  N  are  analyzed  in  an  empty  tube.  When  sulfur  is  present,  silver  is  in¬ 
troduced  into  the  tube,  while  when  halogens  are  present,  platinum  contacts  are  also  included  [24],  Silicon-, 
phosphorus-,  and  fluoroorganic  compounds  are  analyzed  under  the  conditions  described  earlier  [25-28].  Mercury 
does  not  interfere  since  it  is  held  back  together  with  water  in  the  trap.  Low-boiling  liquids  to  be  analyzed  are 
placed  In  unsealed  quartz  capillaries  [29].  Nitrogen  oxides  are  absorbed  outside  the  combustion  tube  [21]  (Fig. 

Id). 

Analytical  Procedure  When 0.01  N  Sodium  Hydroxide  is  Used  as  the  Absorbent.  In  this  case  there  is  no  need 
to  wash  out  the  cell  in  between  experiments;  it  is  sufficient  to  run  out  the  used  NaOH  solution  and  replace  it  with 
fresh  solution.  The  change  in  resistance  (and,  accordir^ly,  electrical  conductivity)  of  the  solution  at  the  end  of 
an  experiment,  as  the  result  of  the  formation  of  carbonate  ions  is  almost  half  that  in  the  case  where  Ba(OH)|  is 
used,  for  which,  in  practice,  CO3*  and  HCOs^’  ions  are  absent  in  solution. 

In  practice,  when  the  resistance  can  be  measured  with  sufficient  accuracy,  both  absorbents  can  be  used, 
but  preference  should  be  given  to  sodium  hydroxide. 

Calculations.  The  percentage  content  of  C  and  H  is  determined  by  means  of  calibration  curves  [14]  which 
are  constructed  on  the  basis  of  results  of  carbon  and  hydrogen  determination  by  the  given  method  on  a  series  of 
aliquots  of  a  pure  compound  (e.g.  saccharose)  of  different  weights.  The  amount  of  carbon  or  hydrogen  in  pg  is 
plotted  along  the  abscissa,  while  the  decrease  in  electrical  conductivity  in  ohms'^  is  plotted  along  the  ordinate; 
this  is  equal  to  l/R^  -  l/Rj,  where  R|  and  are  the  initial  and  final  resistances  of  the  absorbent  solutions  in  ohms. 


I0C 


a  •  100 
e 


<70  H  = 


b  •  100 
e 


where^  is  the  amount  of  carbon  in  pg  found  from  the  calibration  curve,  b  is  the  amount  of  hydrogen  inpg  found 
from  the  calibration  curve,  I  is  the  weight  of  the  aliquot  taken  in  pg. 
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As  an  example,  calculations  for  the  analysis  of  benzoic  acid  are  given  below. 

*  =  12297. 

Rl  =  346,2ahm  =  406,3  ohm 

=  i/346,2  — 1/406,3  =  427  x  lO"*  ohm‘l 

from  which,  by  means  of  the  calibration  curve 

a  =  843  7,  848  10D/1229  -  69,02»/o  C, 

=  m,9(iim,R”  -  403,0 ohm, 

Ad„  =  1/373,9  — 1/403,0  =  193  x  lO"*  ohm",* 

from  which  b  =  63,4,  — =  5.16o/o  H. 

The  authors  wish  to  thank  N.  A.  Balanova  for  valuable  advice  and  hints,  and  for  die  interest  displayed  in 
this  work,  and  also  Yu.  S.  Solomatin  for  assembling  the  electrical  apparatus  and  for  constructing  the  automatically 
operated  oven. 


SUMMARY 

A  mediod  has  been  developed  for  the  conductometric  microdetermiiuition  of  carbon  and  hydrogen  in  (vganlc 
compounds:  it  is  based  on  pyrolytic  combustion  of  the  test  material,  freezing  out  of  die  water  farmed,  and  separate 
determination  of  carbon  and  hydrogen  on  die  basis  of  the  amount  of  carbon  dioxide  abscxbed  by  an  alkali  solution 
in  a  cell  used  for  measuring  electrical  conductivity. 

In  order  to  determine  hydrogen,  use  is  made  of  the  conversion  of  water  over  platinized  carbon  black  in  an 
inert  gas  stream,  whereby  the  oxygen  of  the  water  is  converted  into  carbon  monoxide  which  is  oxidized  further  to 
carbon  dioxide;  the  latter  is  then  measured  conductometrically. 

The  method  opens  up  possibilities  for  the  automation  of  all  the  stages  of  the  analysis,  apart  from  weighii^ 
the  sample;  it  is  suitable  for  the  analysis  of  solid  and  liquid  materials  containing  nitrogen,  halogens  (including 
fluorine),  sulfur,  boron,  silicon,  phodiorus,  and  metals. 
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The  analytical  technique  used  has  been  described  in  detail  in  a  previous  communication  [1].  The  work 
was  carried  out  on  a  IKS-11  spectrophotometer  with  cuvettes  made  from  sylvine,  and  with  a  layer  thickness  of 
0.09  cm;  specially  purified  carbon  disulfide  [2]  was  used  as  the  solvent.  Calibration  and  determination  were 
carried  out  under  the  same  conditions.  Calibration  consisted  in  determinii^  the  extinction  coefficients  of  each 
aromatic  compound  for  each  wavelength  used. 

TABLE  1 

Constants  of  the  Test  Materials 


Test  material 

Boiling  point,  ’C 

Specific 

gravity 

Reftacuve 

index 

MR 

found  * 

published  | 
values  j 

‘*20® 

d20" 

„20® 

"d 

20®  ! 

! 

found 

calc. 

p-Chlorocumene 

191-195 

190—195(4] 

1,025 

1 ,026 

1,5150 

1,5122(4) 

45,4 

45,02 

o-Chlorocumene 

‘il0_214 

212—214  (5'] 

1,037 

_ 

1 ,5237 

— 

45,8 

45,02 

m-Chlorocumene 

195—198 

1,028 

_ 

1 ,5190 

_ 

45,6 

45,02 

p-Tertiary  butyl- 

212-215 

216  (6| 

1,008 

1  ,(K175  (6] 

11,5122 

1,5123(6] 

50,5 

49,65 

chlorobenzene 

o-Terdary  butyl- 

210-215 

1,015 

1,5140 

50,0 

49,65 

chlorobenzene 

m-Terdary  butyl- 

210—215 

1 ,024 

1 ,5132 

_ 

49,52 

49,65 

chlorobenzene 

p-Chlorophenyl- 
me  thane 

147—150 

5  mm  Hg 
143—145 

4  mm  Hg 

162—175 
25  mm  [7] 

1,130 

1,128 

1,573 

— 

59,6 

60,28 

o-Chlorophenyl- 

mediane 

145—150 

5  mm  [2] 

1,129 

1  - 

1 ,590 

“ 

59,4 

Wt,28 

m-Chlorophenyl- 
me  thane 

168—173 
25  mm  Hg 

162-175 
25rruii  (2) 

l,(6:i 

1,588 

59,4 

60, 2f 

*  For  Communication  1,  see  [1]. 
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Fig.  1.  Absorption  spectra  of  the  o-,  m-,  and  p-isomers  of  chlorocumeoe.  Layer  thick¬ 
ness  0.009  cm. 


Fig.  2.  Absorption  spectra  of  the  o-,  m-,  and  p-isomers  of  tertiary  butylchlorobenzene. 

Layer  thickness  0.09  cm. 

Ortho-,  meta-,  and  para-isomers  of  chlorocumene,  tertiary  butylchlorobenzene,  and  chlorodiphenylmethane 
were  taken  for  calibration.  The  chlorocumene  and  tertiary  butylchlorobenzene  isomers  were  prepared  by  a  Grig- 
nard  reaction  from  the  corresponding  isomer  of  bromochlorobenzene  and  alkyl  bromide  (isopropyl  bromide  or 
tertiary  butyl  Iwomide).  In  order  to  increase  the  yield  of  product,  n-heptane  [3]  was  used  instead  of  absolute  ether 
as  solvent.  The  chlorodiplienylmethane  isomers  were  prepared  by  a FriedeF Krafts  reaction  by  condensation  of  the 
corresponding  isomer  of  chlorobenzylchloride  (obtained  by  the  chlorination  of  chlorotoluenes  at  180-190*)  with 
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Fig.  3.  Absorption  spectra  of  the  o-.  m-,  and  p-isomers  of  chlorophenylme thane. 
Layer  thickness  0.09  cm. 


TABLE  2 

Values  of  the  Extinction  Coefflcientsof  Chlorodiphenylmethane  Isomers  at  Various  Wave 
lengths  as  a  Function  of  the  Concenoration 


Para 


Meta 


Or^o 


Concentra¬ 

tion, 

Wavelei^di,  p 

Conct 

Wavelength,  p 

a 

Wavelength 

.  M 

12,63 

12,95 

13,35 

12,63 

12,95 

13,35 

12,63 

12,95 

13,35 

5,51 

0,34 

0,018 

0,023 

3,44 

0,010 

1,32 

6,22 

0,23 

0,018 

0,024 

5,38 

0,011 

0,83 

0,11 

4,70 

0,011 

0,016 

1,07 

6,41 

0,23 

0,016 

0,026 

5,91 

0,016 

0,76 

0,12 

5,08 

0,011 

0,014 

1,02 

7,42 

0,22 

0,022 

0,025 

6,59 

0,022 

0,74 

0,10 

5,47 

0,021 

0,017 

1,05 

9,43 

0,21 

0,027 

0,026 

8,11 

0,018 

0,63 

0,09 

6,58 

0,022 

0,016 

0,90 

10,72 

0,21 

0,023 

0,026 

9,04 

0,019 

0,61 

0,083 

6,89 

0,033 

0,031 

0,99 

12,49 

0,175 

0,021 

0,028 

10,. 34 

0,020 

0,60 

0,12 

8,3 

0,03 

0,036 

0,8& 

14,88 

0,18 

0,018 

0,027 

13,12 

0,018 

0,52 

0,13 

,11,42 

0,026 

0,028 

0,75 

Mean  value  of 
the  extinction 
coefficients 

0,22 

0,021 

1 

0,0261  — 

0,018 

0,67 

0,11 

0;026 

0,024 

1,06- 

benzene  in  the  presence  of  aluminum  chloride  [3].  The  constants  of  the  compounds  obtained  are  given  in  Table 

1. 


In  order  to  find  the  absorption  maxima  for  the  individual  isomers,  we  first  of  all  carried  out  a  qualitative 
analysis  of  all  the  test  compounds.  During  the  search  for  the  absorption  bands  of  individual  isomers  whose  infra¬ 
red  spectra  have  not  yet  been  described,  we  used  information  which  has  been  published  in  the  literature  on  di^ 
substituted  derivatives  of  benzene,  namely,  that  a  band  at  13.05-13.55  p  (770-740  cm~^)  is  characteristic  for 
orthodisubstituted  derivatives,  while  bands  at  14.15-14.50  p  (710-690  cm’*)  and  12.45-13.05  p  (800-770  cm"*) 
are  characteristic  of  metadisubstituted  derivatives,  and  a  band  at  12.00-12.75  p  (833-780  cm"*)  [8,  9]  is  character¬ 
istic  of  paradisubstituted  derivatives.  The  abscvption  spectra  of  the  isomers  of  the  test  chloroalkylbenzenes  ate 
given  in  Figs.  1,  2,  3. 

Absorption  bands  which  lie  within  the  limits  of  the  regions  for  the  p-,  m-,  and  o-disubstituted  benzenes 
are  observed  on  the  curves  we  obtained.  The  following  wavelengths  proved  to  be  the  most  suitable  ones  for  die 
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TABLE  3 


Values  of  the  Extinction  Coefficients  of  Chlorocumene  Isomers  at  Various  Wavelengths 
as  a  Function  of  the  Concentration 


Para  I  _  Meta _  Ortho 


Concentration 

1o 

Wavelength,, p 

U _ Im  Wavelength,  p  _ 

Wavelength, 

_M _ 

12.11 

12.77  13,27 

^0  12.11 

12.77  13.27  'lo 

12.11 

12.77 

13.27 

1,72 

0,83 

0,053  0,033 

2,66  0,025 

1,47  0,025  1,81 

0,054 

0,016 

2,00 

2,87 

0,74 

0,06  0,04 

3,45  0,023 

1,20  0,043  2,23 

0,041 

0,042 

1,93 

3,37 

0,74 

0,06  10,046 

4,71  0,021 

0,95  0,045  2,32 

0,048 

0,046 

1,90 

4,45 

0,72 

0,05  I  0,046 

4,73  1  0,023 

0,95  0,046  3,65 

0,04 

0,039 

1,30 

5,20 

0,69 

0,053  0,046 

5,11  0,042 

0,93  0,04  3,85 

0,036 

0,039 

1,25 

6,79 

0,62 

0,054  0,042 

7,05  0,04 

0,77  0,04  6,58 

0,025 

0,039 

0,76- 

6,89 

0,65 

0,054  0,04 

8,56  0,045 

0,64  0,04  7,25 

0,024 

0,038 

0,69 

7,98 

0,60 

0,053 1 0,038 

10,95  0,047 

0,52  0,038  8,24 

0,024 

0,042 

0,61 

Mean  value  of 

1 

the  extinction 

i 

1 

j 

coefficients 

0,7 

0,054  1 0,04 

—  1 0,035 

0,93  0,039  — 

0,036 

0,04 

1,30' 

TABLE  4 


Values  of  the  Extinction  Coefficients  of  Tertiary  Butylchlorobenzene  at  Various  Wave¬ 
lengths  as  a  Function  of  the  Concentration 


Para 

1  Meta  1 

Ordio 

1 

1  Wavelength, 

M 

1  Wavelength,  p 

Wavelei^th,  p 

Concentration 

Conct. 

Conct. 

% 

12,10 

12.75 

13,03 

12,10 

12,75 

13,03 

% 

12,10 

1 

12,75 

13,03 

1,65 

0,69 

0,05 

0,034 

2,11 

0,018 

1,25 

0,014 

1,89 

0,006^ 

0,025 

1,88 

2,93 

0,63 

0,059 

0,039 

3,131 

0,041 

1,12 

0,034 

3,42 

0,013 

0,023 

1,25 

2,95 

0,58 

0,053 

0,052 

3,66 

0,039 

1,02 

0,06 

3,74 

0,017 

0,040 

1,18 

3,83 

0,53 

0,039 

0,053 

4,17 

0,044 

0,98 

0,067 

4,25 

0,016 

0,040 

1,11 

4,95 

0,51 

0,036 

0,048 

4,49 

0,061 

0,96 

0,071 

4,73 

0,03 

0,054 

1,02 

5,91 

0,51 

0,035 

0,057 

5,75 

0,057 

0,94 

0,054 

5,27 

0,031 

0,050 

0,95 

6,22 

0,50 

0,043 

0,054 

8,42 

0,049 

0,67 

0,057 

7,30 

0,031 

0,048 

0,69 

8,00 

0,50 

0,038 

0,042 

9,08 

— 

0,62 

0,05 

8,88 

0,032 

0,042 

0,60 

Mean  value  of 

1 

i 

the  extinction 

—  ^ 

coefficients 

0,56 

0,042 

o 

o 

0,043; 

0,94 

0,051 

— 

0,024] 

0,04 

1,09 

determination  of  the  isomers: 

o,  m,  and  p-chlorocumene  13.27,  12.77,  12.11  p , 

o,  m,  and  p-tertiary  butylchlorobenzenes  13.03,  12.75,  12.10  p , 

o,  m,  and  p-chlorodiphenylmethanes  13.35,  12.95  12.63  p. 

In  addition,  on  the  absorption  curves,  absorption  maxima  are  also  observed  at  9.64  p  (1037  cm"^)  and 
9.09  p  (1100  cm’^);  these  can  probably  be  related  to  vibrations  of  the  benzene  ring  [9J([10]?). 

Measurements  were  made  of  the  optical  density  of  each  compound  in  solution  in  carbon  disulfide  —  at  a 
suitable  dilution  -  for  each  wavelength  chosen,  and  the  extinction  coefficients  calculated.  The  results  obtained 
are  given  in  Tables  2,  3,  and  4. 

Since,  during  calculation  of  the  composition  of  mixtures,  the  Lambert-Beer  law  is  not  obeyed,  as  in  the 
previous  paper  [1],  the  method  of  successive  approximation  had  to  be  used.  An  analytical  method  of  calculation 
had  to  be  used:  for  the  first  approximation,  the  mean  values  of  the  extinction  coefficients  were  taken  for  calcu¬ 
lation,  while  for  the  second  approximation,  the  values  of  the  coefficients  correspondii^  to  the  concentrations 
found  in  the  first  approximation,  were  taken.  Results  of  the  analysis  of  synthetic  mixtures  showed  that  the  mean 
relative  error  is  about  4%. 


568 


SUMMARY 


The  infrared  spectra  of  the  ortho-,  meta-,  and  para-lsomers  of  chltxocumene,  tertiary  butylchlorobenzene, 
and  chlorodiphenylmethane  have  been  obtained.  A  quantitative  mediod  of  analysis  by  means  of  infrared  spectra 
has  been  used  for  the  analysis  of  mixtures  of  the  compounds  indicated  above. 
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Control  of  the  completeness  of  extraction  of  inorganic  salts  by  solvents  is  carried  out  fairly  frequently  in 
chemical  practice.  In  addition  to  chemical  indicators  and  radioactive  isotopes, etc.,  which  are  already  in  use  for 
diis  purpose,  we  should  like  to  suggest  an  emission  spectrograph ic  method  in  the  following  form.  The  residue  left 
after  treatment  of  a  cartain  material  with  solvents,  and  removal  of  the  solution,  is  analyzed  by  the  "method  of 
additions*  which  is  well  known  in  spectroscopy  [1].  The  "addition”  used  in  this  case  is  uniformly  decreasii^ 
amounts  of  the  solution  obtained  durii^  extraction.  The  amount  of  any  one  of  the  metals  present  in  solution  is 
taken  as  unity  or  as  100f7«>.  In  this  way  it  is  possible  to  determine  the  amount  of  unextracted  metal  as  a  fraction 
or  a  percentage  of  the  amount  of  metal  which  has  passed  into  solution.  This  serves  as  a  measure  of  the  complete¬ 
ness  of  extraction. 

The  method  suggested  permits  the  simultaneous  (on  the  basis 
of  one  series  of  spectrograms)  control  of  completeness  of  extraction 
of  the  salts  of  all  metals.  The  possibilities  of  this  method  are  limited 
solely  by  the  sensitivity  of  the  spectrographic  method  [2].  In  addi¬ 
tion,  such  a  technique  does  not  require  the  use  of  standards,  the  pre¬ 
paration  of  which  sometimes,  e.g., during  the  spectrographic  determi¬ 
nation  of  rare  metals,  is  a  very  difficult  operation. 

We  shall  clarify  what  has  been  said  above  by  taking  as  an 
example  the  determination  of  the  completeness  of  extraction  of  Al, 
Fe,  Ca,  and  Mg  salts  by  hydrochloric  acid  from  clay  which  has  been 
fused  with  sodium  carbonate  [3].  After  treating  such  a  melt  with 
hydrochloric  acid  silicon  dioxide  should  be  left  undissolved.  Salts 
of  the  metals  indicated  should  be  almost  completely  extracted  into 
solution.  0.505  g  of  the  dry,  washed  residue,  left  after  treating  with 
hydrochloric  acid,  and  all  the  solution  obtained,  were  passed  on  to 
the  spectrographic  laboratory.  The  dried  residue  was  divided  into 
ten  equal  parts.  To  each  of  these  parts  was  added  various  amounts 
of  the  solution  obtained.  To  the  first  part,  by  evaporation  and  dry¬ 
ing  to  constant  weight,  were  added  all  the  salts  dissolved  in  a  tendi 
part  of  the  solution  obtained.  The  amount  of  salts  returned  to  each 
successive  part  was  three  times  less  than  that  added  to  die  previous 
part.  No  solution  was  added  to  the  last  tenth  part  of  the  residue. 
Aliquots  (5  mg)  of  the  ten  samples  prepared  in  this  way  were  ignited 


Curve  relating  the  logarithm  of  the  in¬ 
tensity  of  the  line  (log  I)  and  the  loga¬ 
rithm  of  the  concentration  of  die  addi¬ 
tion  (log  k).  It  is  arbitrarily  assumed 
that  at  the  origin  k  =  0(log  k  =  go). 
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in  the  crater  of  a  carbon  electrode  in  a  dc  arc.  The  spectra  were  photographed  on  a  ISP-22  specuograph.  The 
current  was  8  amps.  Exposure  time  was  6  min.  The  sample  was  placed  on  the  anode.  "Spectrographic  Type  I* 
plates  were  used.  The  followit^  lines  were  photometrically  measured:  A1  3082.1;  Fe  2483.2;  Mg  2802.6; 

Ca  4246.7.  For  convertii^  from  blackening  of  the  lines  to  intensity,  the  marks  of  nine-stage  attenuator  were 
used.  Corrections  for  the  background  were  applied  to  the  intensities.  The  unknown  concentration  was  then  de¬ 
termined  graphically  by  the  "method  of  additions"  [1],  using  the  relationship  between  the  intensity  of  the  analyti¬ 
cal  line  "I"  of  the  element  and  the  content  of  the  "addition"  of  this  element  k  — 

log  I  =  b  log  (X  +  k)  +  a , 

where  a  and  b  are  constants,  while  x  is  the  fraction  of  unextracted  salts  of  Al,  Fe,  Ca,  and  Mg. 

On  the  basis  of  the  values  of  I  found  from  the  spectrograms  and  the  known  values  of  k  (k  —  10(f7o;  337©; 

11*^;  3.?^;  1.2f^;  0.41*^;  0.l4Vo;  o.O407o;  0.0l97o;  O.OOCfyo)  a  curve  (log  I,  log  k)  was  constructed.  The  straight- 
line  part  of  the  curve  which  is  described  by  the  formula  for  x<  k,  was  extrapolated  to  k  &  0,  and  it  was  assumed 
to  a  first  approximation  .that  the  calibration  curve  can  be  used  for  determining  x.  From  this  straighwline  part 
of  the  calibration  curve  it  was  established  that  concentration  x  =  Xj  corresponds  to  die  intensity  of  the  analytical 
line  of  the  tenth  sample,  into  which  no  additions  have  been  introduced.  Another  curve  [log  I,  log  (Xj  +  k)]was 
dien  constructed,  x^  was  determined  from  the  continuation  of  the  straight-line  part  of  this  curve  and  the  line  in¬ 
tensity  in  the  tenth  sample.  X3,  X4p  etc.  were  determined  in  the  same  way.  The  process  of  getting  more  accurate 
values  of  x  was  continued  until  the  graph  [log  I,  log  (Xj  +  kj]was  linear  in  the  region  of  low  values  of  I^.  In  the 
region  of  high  values  of  k,  deviation  from  linearity  may  even  continue  on  account  of  the  large  effect  of  self-ab¬ 
sorption  of  die  lines  in  the  cloud  of  the  arc  discharge.  The  curves  (log  I,  log  k)  which  we  obtained  for  die  chosen 
lines  of  Al,  Fe,  Ca,  and  Mg  are  shown  in  the  diagram.  From  diese  curves  we  found  that  when  the  amount  of  the 
elements  extracted  by  hydrochloric  acid  was  taken  as  100*!^,  then  the  amounts  remaining  in  the  dry  residue  after 
extraction  was  found  to  be:  Al  0.08  ±0.02%  Fe  0.15  ±0.02%  Ca  0.02  ±O.OO0!^j,  Mg  0.04  ±0.01*70. 

SU  MMARY 

In  order  to  determine  the  completeness  of  extraction  of  intxrganic  salts  by  solvents,  it  has  been  suggested 
that  die  "method  of  additions"  which  is  well-known  in  spectroscopy  is  used  for  analyzing  the  insoluble  residues. 
Proportionally  decreasing  amounts  of  the  solution  obtained  during  the  extraction  are  used  as  "additions." 

As  an  example,  the  completeness  of  the  extraction  of  Al,  Fe,  Ca,  and  Mg  salts  with  hydrochloric  acid  from 
a  clay  sample  fused  with  sodium  carbonate  has  been  determined. 
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PHOTOMETRIC  DETERMINATION  OF  STRONTIUM 


A.  S.  Karnaukhov.  M.  Mizera,  and  R.  Palaush 

H^her  Pedagogical  School,  league  (Czechoslovakia) 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  IS,  No.  4,  p.  502, 
July-August,  1960 

Original  article  submitted  December  28,  1959 


Pliotometric  determination  of  strontium  by  means  of  chloranillc  acid  [1]  possesses  a  number  of  essential 
drawbacks:  dte  precipitation  stage  is  carried  out  slowly  for  three  hours  at  the  temperature  of  melting  ice.  We 
are  unaware  of  any  other  photometric  methods  of  determining  strontium.  We  think  that  it  should  be  possible  to 
use  dilituric  acid  (5-nitrobarbituric  or  5-nltro-2,4,6-trlhydroxyhexahydropyrimidine)  far  the  photometric  de¬ 
termination  of  strontium,  since  ions  of  the  latter  at  room  temperature  give  an  insoluble  strontium  diliturate.  The 
solubility  of  strontium  diliturate  at  25*  is  1.7  mmoles  in  1000  ml  [2],  Precipitation  of  strontium  by  dilituric  acid  is 
complete  after  12  min.  An  aqueous  solution  of  dilituric  acid  is  intense  yellow  in  colcx;  the  color  decreases  in 
proportion  to  the  amount  of  strontium  precipitated.  The  change  in  optical  density  conforms  to  Beer's  law.  Dili¬ 
turic  acid  has  already  been  used  for  the  determination  of  potassium  by  gravimetric  [3],  titrimetric  [4],  and  photo¬ 
metric  [5]  methods. 

EXPERIMENTAL 

A  0.05  N  solution  of  dilituric  acid  [6]  saturated 
with  strontium  diliturate  was  used  for  the  work. 


Equal  volumes  (5  ml)  of  the  test  strontium  solution  and  di¬ 
lituric  acid  were  taken  for  precipitation  of  strontium.  The  con¬ 
centration  of  the  test  solution  varied  from  0  to  2  mg  Sr/  ml, 
while  the  dilituric  acid  concentration  was  0.05  N.  The  mixture 
of  test  solution  and  dilituric  acid  was  carefully  mixed  and  allowed 
to  stand  for  15  min.  The  solution  was  then  filtered  and  the  optical 
density  of  the  filtrate  was  measured  by  means  of  a  Universal 
Zeiss  photometer  at  420  mp  (flint-glass  prism;  layer  thickness 
0.498  cm;  antimony-cesium  photoelement  MVSB).  A  calibra¬ 
tion  curve  (Fig.)*was  constructed  on  the  basis  of  the  results  ob¬ 
tained. 


When  the  strontium  concentration  of  the  test  solution  was  greater  than  1.75  mg/ ml,  a  ratio  of  strontium 
solution  to  dilituric  acid  solution  of  1  :  1  proved  insufficient;  in  this  case  it  was  therefore  necessary  to  increase 
the  volume  of  0.05  N  dilituric  acid. 

The  maximum  experimental  enor  does  not  exceed  0.02  mg  Sr/  ml.  The  me<  n  error  of  parallel  determina¬ 
tions  of  one  sample  is  ±  0.006  mg  Sr/ ml.  The  error  is  less  at  higher  concentrations.  Colorless  ions  do  not  inter¬ 
fere  with  strontium  determination;  of  the  cations  the  following  interfere  with  strontium  determination:NH4,  K, 
Sn,  Fe,  Cr,  Cd,  Cu,  Ca,  Ba,  Zn,  Co,  Ni,  Hg,  Ag,  and  Pb. 


SUMMARY 

Strontium  can  be  determined  quantitatively  by  means  of  dilituric  acid  by  usii^  a  photocolorimeter.  When 
die  concentration  of  strontium  in  the  test  solution  is  less  than  1.75  mg/  ml,  one  volume  of  0.05  N  dilituric  acid 
is  taken  for  one  volume  of  the  test  solution.  At  higher  strontium  concentrations  the  quantity  of  dilituric  acid  must 

*The  Fig.  shown  is  the  one  appearing  in  the  Russian  original,  and  does  not  appear  to  be  the  correct  one. 
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be  increased  proportionally. 

When  low  concentrations  are  determined  the  maximum  error  does  not  exceed  ’^h.  The  error  decreases  with 
increasing  concentration. 
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Chromatographic  methods  have  been  developed  for  the  separation  of  titanium  from  iron  [1*2],  aluminum 
[3-5],  vanadium  [6],  zirconium  and  thorium  [7],  and  tut^sten,  niobium,  and  molybdenum  [8].  We  have  studied 
the  possibility  ofseparating  titanium  from  mat^anese  by  means  of  ion  exchange  resins  from  hydrochltxic  acid 
solutions  with  HCl  concentrations  raiding  from  0.1  to  10  N. 

The  partition  coefficients  of  quadrivalent  titanium  and  divalent  manganese  between  ion  exchange  resins 
and  hydrochloric  acid  solutions  were  determined  by  the  method  of  Alimarin,  Belyavskaya,  and  Bazhanova,  which 
was  modified  slightly:  an  accurately  known  amount  of  the  air-dry  ion  exchange  resin  was  shaken  with  a  known 
volume  of  test  solution  until  equilibrium  had  been  reached;  aliquots  of  the  solutions  were  then  taken  and  the 
amount  of  manganese  in  the  fcMrm  Mn04‘.  not  sorbed  by  the  resin,  and  titanium  in  the  form  [TifHsQi)/')'  not  sorbed 
by  the  resin,  determined  photometrically  [9].  The  partition  coefficients  were  determined  by  means  of  the  formula: 

_  ^1  JL 

^  “  Af  _  Af,  ■  m  ’ 

where  M^  is  the  amount  of  the  element  sorbed  by  the  ion  exchai^e  resin,  in  mg;  M  is  the  total  amount  of  die 
element  in  the  original  solution,  in  mg;  ^is  the  volume  of  solution  used  in  the  experiment;  m  is  the  weight  of 
ion  exchange  resin.  In  our  experiments  v  =  50  ml  and  m  =  0.5  g.  The  concentration  of  the  original  titanium 
salt  solution  was  2.50  •  lO'^M,  while  diat  of  the  manganese  salt  solution  was  5.03  *  lO'^M. 

The  ion  exchange  resins  tested  were  the  strongly  acid,  unifunctional  cation  exchange  resins  KU-2  and  SBS, 
the  strongly  acid  multifunctional  cation  exchat^e  resin  KU-1,  and  the  anion  exchange  resin  AN-2F.  In  all  cases 
the  diameter  of  the  resin  particles  was  0.5- 1.0  mm.  Prior  to  use  the  resins  were  washed  free  from  impurities, 
while  the  cation  exchai^e  resins  were  converted  into  the  H-form  and  the  anion  exchai^e  resin  into  the  Cl-form. 
Results  of  the  determination  of  die  partition  coefficients  are  given  in  Table  1. 

Titanium  was  found  to  be  sorbed  to  a  greater  extent  than  manganese  by  all  the  cation  exchai^e  resins  from 
0.1-1  N  hydrochloric  acid  solutions.  The  sorbability  of  both  elements  rapidly  decreased,  but  to  different  extenu, 
with  increasing  acidity.  From  the  ratios  of  the  partition  coeffrcients,  it  is  reasonable  to  assume  that  mai^anese 
can  be  separated  from  titanium  by  means  of  the  cation  exchange  resin  KU-1  at  0.5  N  HCl. 

In  order  to  check  on  this  assumption  we  carried  out  the  following  experiments.  Columns  10  cm  loi^  and 
1  cm  in  diameter  were  filled  with  KU-1  cation  exchange  resin  in  the  H-form,  the  resin  was  washed  with  0.5  N 
hydrochloric  acid,  and  the  test  solutions  (0.5  N  with  respect  to  hydrochloric  acid)  containing  titanium  and  mai^a- 
nese  in  varying  weight  proportions  introduced  onto  the  column.  The  columns  were  then  washed  with  0.5  N  hydro¬ 
chloric  acid  until  all  the  manganese  had  been  eluted;  the  elution  rate  was  30  drops  per  minute.  In  order  to  speed 
up  elution  of  titanium,  4  N  rather  than  2  N  hydrochloric  acid  was  used. 
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table  1 

Partition  Coefficienu  of  Titanium  and  Manganese  between  Hydrochloric  Acid  Solutions 
and  Ion  Exchange  Resins 


HCl  concen¬ 
tration,  M 

fTl 

fMn 

fTI/vMn 

HCl  concen¬ 
tration.  M 

vTI 

fMn 

fTj/fMn 

Cation  exchange  resin  KU-1 

Cation  exchange  resin  KU-2 

0.1 

344,48 

48,93 

7,04 

0,1 

324,61 

202,96 

l.fl 

0,5 

20,68 

2,19 

9,44 

0,5 

22,47 

22,45 

1,00 

1 

2,22 

0 

— 

1 

1,95 

0 

2 

0 

0 

2 

0 

0 

4 

0 

0 

— 

4 

0 

0 

8 

0 

0 

8 

0 

0 

— 

Cation  exchange  resin  SBS 

■ 

Anion  exchai^e  resin  AN-2F 

0,1 

156,26 

72,46 

2,16 

0,1 

0 

0 

_ 

0,5 

30,49 

14,79 

2,06 

0,5 

0 

0 

— 

1 

0 

0 

— 

1 

0 

0 

.... 

2 

0 

0 

— 

2 

0 

0 

_ 

4 

0 

0 

— 

4 

0 

0 

_ 

8 

0 

0 

8 

14,76 

0 

_ 

10 

108,42 

0 

— 

TABLE  2 

Separation  Titanium  and  Mai^anese  on  KU-1  from  Hydrochloric  Acid  Solutions 


Weight 

ratio 

Mn:Ti  ! 

Mnuken 

mg 

ijUM 

Mn  found 

Ti  taken 

mg 

Volume  of  4 N HCl 
used  for  eluting 
the  titanium, 
ml 

Ti  found, 
mg 

1  1 1000 

0,0050 

150 

0,0048 

1 

5,0000 

1 

150 

4,9825 

lilOOO 

0,IH)50 

150 

0,0048 

5,0000 

150 

4,9785 

lil 

0,0050 

150 

0,0049 

0,0050 

100 

0,0049 

111 

0,0050 

150 

0,0049 

0,0050 

100 

0,0048 

1000:1 

5,0000 

200 

4,9285 

0,0050 

100 

0,0048 

1000 1 1 

5,0000 

200 

4,8570 

0,0050 

100 

0,0049 

It  Is  clear  from  Table  2  that  the  suggested  method  for  separating  titanium  and  manganese  gives  satisfactory 
results,  and  can  be  used  for  quantitative  analysis. 

The  drop  in  the  stvbability  of  the  test  elements  which  is  observed  on  increasing  the  acidity  of  the  solutions 
cannot  be  explained  simply  by  the  chaise  in  hydrogen  ion  concentration.  It  is  clear  from  Table  1  that,  starting 
at  8  N  HCl,  titanium  is  sorbed  by  the  anion  exchai^e  resion  AN-2F,  and  consequently  changes  into  an  anfonic 
complex;  this  is  not  observed  in  the  case  of  manganese.  Formation  of  anionic  complexes  by  titanium  in  sufH- 
ciently  concentrated  hydrochloric  acid  solutions  has  already  been  used  for  separating  this  element  from  other  ele¬ 
ments  by  means  of  anion  exchange  resins  [10].  Presumably,  this  property  can  also  be  used  for  separating  titanium 
from  manganese. 


SU  MMARY 

The  partition  coefficients  of  titanium  and  manganese  ions  between  the  cation  exchange  resins  KU-1,  KU-2 
and  SBS  and  hydrochltxic  acid  solutions  (0.1  to  10  N  HCl)  have  been  studied.  A  method  has  been  developed  for 
the  quantitative  separation  of  titanium  from  manganese  in  hydrodiloric  acid  solutions  by  means  of  the  cation  ex¬ 
change  resin  KU-1  for  ratios  of  Ti:  Mn  ranging  from  1  :  1000  to  1000  :  1.  It  has  been  establidied  that,  starting  at 
8  N  HCl,  tiunium  forms  anionic  complexes. 
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ORGANIC  REAGENTS  FOR  OSMIUM 
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C.  I.  Parhon  University,  Bucharest  (Rumania) 
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L.  Chugaev  [1]  has  shown  that  on  heating  solutions  conulnlng  osmium  In  the  form  of  OSO4  or  chlorosmlate 
In  the  presence  of  thiourea  and  several  drops  of  HCl  for  several  minutes,  a  red  color  appears  as  the  result  of  the 
formation  of  the  compound  [ OsfHjN  -  CS  -  NHiJfX^li  •  HjO.  This  reaction  has  been  used  by  Sandell  [2]  for  the 
photometric  determination  of  traces  of  osmium  In  metetxltes,  Steiger  [3],  during  a  study  of  the  Interaction  of  21 
derivatives  of  thiourea  (R|N)kCS  with  osmium  and  ruthenium  compounds,  showed  that  formation  of  the  colored 
compounds  is  determined  by  the  group  >Cs,  connected  with  one  or  two  radicals  -NH|  or  4mP.  Yoe  and  Overholser 
[4]  qualitatively  studied  the  interaction  of  60  thiourea  derivatives  with  78  Incxganlc  Ions,  Including  osmium  and 
ruthenium.  BardodSj  [5]  as  a  result  of  a  study  of  various  organic  materials  as  reagents,  concluded  that  the  group 
>-CS  is  a  functional  analytical  group  of  Os  and  Ru.  He  established  that  OSO4  gives  a  red  color  with  (HtN)|CS: 
CS(NHC^5)i  and  HjNCSNHNH,;  and  a  violet  color  with  HjNCSNHCsHj;  CS(NHCH,)j;  SC[N(CH,)|1;  NH4SCN 
and  NaCSNfCsHs)!. 

The  aim  of  the  work  described  here  was  a  study  of  die  Interaction  of  osmium  compounds  with  two  substituted 
diiourea  derivatives:  4-acetylaminobenzaldehydethlosemicarbazone  (I)  and  4-nitrobenzaldehydethlosemicarbazone 
(11) 


HC=N— NH-C-NH, 
I  II 

y\  S 


s/o 

I  II 

HN-C— CHa 

(I) 


HC=N— NH— C-NH, 


I 

NO, 


(11) 


Compound  1  is  used  for  the  cure  of  tuberculosis  under  the  name  tebezon  or  TBj. 

A  solution  of  OSO4  obtained  by  dissolving  1  g  OSO4  in  100  ml  0.2  M  NaOH  was  used  in  the  work.  It  was 
standardized  by  Klobbie's  method  [6].  The  Os  content  of  the  solution  was  49.12  pg  Os/ ml. 

Reagent  1  was  used  as  a  0.1*^  solution  in  Ho  NaOH,  reagent  II  as  a  0.057o  ‘.olution  in  1%  NaOH.  Both  re¬ 
agents  were  used  in  the  form  of  freshly  prepared  solutions. 

From  0.1  to  3  ml  of  the  osmium  solution  was  placed  in  a  sundard  flask  (10  ml),  and  1  ml  of  H1SO4  added 
(obtained  by  mixing  32  ml  of  concenorated  H1SO4  and  68  ml  of  H^O).  Two  ml  of  the  reagent  solution  was  then 
added  and  the  final  solution  allowed  to  stand  for  5  min  in  the  case  of  reagent  I,  and  15  minutes  in  the  case  of 
reagent  II.  Control  solutions  containing  die  same  amounts  ofreagents  were  prepared  in  parallel. 

Under  the  conditions  indicated,  osmium  formed  with  reagent  I  a  brown-col(»ed  precipitate,  which  dissolved 
on  adding  ethanol  to  the  mark;  a  yellow-brown  solution  was  diereby  obtained  depending  on  the  osmium  concentra- 
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r 


Os, 

Mg/ ml 

Optical  density  with  various  filters  from  a 
Pulfrich  photometer 

Reagent  I 

Reagent  II 

1 

Af„  1 

M4. 

4,9 

0,05 

0,04 

0,04 

12,3 

0,08 

0,06 

0,045 

0,125 

0,11 

0,09 

24,6 

0,16 

0,12 

0,09 

0,245 

0,21 

0,17 

49,1 

0,32 

0,24 

0,18 

0,49 

0,42 

0,34 

73,7 

— 

— 

— 

0,73 

0,$3 

0,51 

86,0 

— 

— 

— 

0,855 

0,74 

0,60 

98,2 

0,64 

0,48 

0,36 

_ 

— 

— 

122,8 

0,80 

0,60 

0,45 

_ 

— 

_ 

147,4 

0,96 

0,72 

0,54 

— 

— 

— 

Fig.  1.  Conformation  of  solutions  of  the 
compounds  of  osmium  v^ith  reagents  I  and 
II  to  Beer's  law.  1)  I  Mg);  2)  I  M47; 

3)  I  M50;  4)  n  M43;  5)  II  M47;  6)  II  Mfio. 


Fig.  2.  Absorption  curves  of  the  com¬ 
pounds  of  osmium  with  reagents  I  and 
n.  1)  Reagent  I,  49.12  Os/ 10  ml; 

2)  Reagent  II,  49.12  Os/ 10  ml. 

tion.  A  red -brown  color  was  obtained  on  diluting  the 
solution  obtained  with  reagent  II  with  alcohol. 


A  vertical  Pulfrich  photometer  was  used  for  the 
determination  of  osmium.  The  maximum  optical  density 
was  observed  in  both  cases  when  a  M^s  filter  (4360  A)  was  used. 


The  results  obtained  are  given  in  the  Table  and  in  Figs.  1  and  2. 

Solutions  of  the  compounds  of  osmium  with  reagents  1  and  II  conform  to  Beer's  law. 

By  using  reagent  1  it  is  possible  to  determine  1.2-14.7  pg  Os/  ml,  while  when  reagent  II  is  used  it  is  possible 
to  determine  0.49-8.60  p  g  Os/  ml.  Both  reagents  are  more  sensitive  than  thiourea, which  only  permits  determina¬ 
tion  of  8-40  pg  Os/  ml.  The  higher  sensitivity  of  detection  of  osmium  with  reagent  n  can  be  explained  by  the  in¬ 
fluence  of  the  nltro  group, which  leads  to  an  increase  in  the  polarity  of  the  group  in  the  para  position. 


SUMMARY 

4-Acetylaminobenzaldehydethiosemicarbazone  (I)  and  4-nitrobenzaldehydethiosemicarbazone  (II)  are 
suggested  as  reagents  for  the  photometric  determination  of  osmium.  They  permit  the  determination  of  1.2  to 
14.7  pg  Os/ml  and  0.49  to  8.60  pg  Os /ml, respectively.  Both  reagents  are  more  sensitive  than  thiourea. 
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L-ascorbic,  D-ascorbic,  D-araboascorbic,  and  other  acids  are  known.  L-ascabic  acid  is  the  lactone  of 
2,3-dienol-L-gulonic  acid.  Its  molecular  weight  is  176.12  while  its  melting  point  is  190-192*.  It  is  readily 
soluble  in  water  and  alcohol  but  insoluble  in  ether.  Since  the  dienol  group  -C  (OH)*C(OH)-  enters  into  its 
composition,  it  possesses  reducing  properties,  and  on  being  oxidized  is  converted  into  dehydroascorbic  acid,  which 
is  not  such  a  strong  reducing  agent,  and  accordingly  only  interacts  weakly  with  oxidizing  agents.  Conversion  of 
L-asctxrbic  acid  (I)  into  dehydroascorbic  acid  (II)  can  be  represented  by  die  following  equation; 


C-OH 

11 

C-OH 

I 

H— C - 


O 


-Hj- 


C= 

I 

c=o 

1 

H-C - 


°  i 


H— O— C— H 

1 

CH.,OH 

I 


H-0— C-H 
CHjOH 
II 


The  reducii^  properties  of  L-ascorbic  acid  are  used  comparatively  little  in  analytical  chemistry.  Below 
are  given  the  results  of  a  study  of  the  reduction  of  quadrivalent  selenium  in  an  acid  medium. 

L-ascorbic  acid  precipitates  elemental  selenium  from  solutions  of  selenites.  The  reaction  is  very  sensitive 
and  can  be  successfully  used  fcx  the  detection  and  determination  of  selenium  in  the  presence  of  tellurium,  and 
also  for  the  detection  and  determination  of  ascorbic  acid.  When  a  dilute  solution  of  L-ascorbic  acid  (0.1-1  mg 
in  1  ml)  is  added  to  an  aqueous  solution  of  a  selenite,  an orai^e -colored  precipiute  of  elemental  selenium 
separates  out  almost  immediately.  In  the  presence  of  mineral  acids,  and  on  heat  i^,  the  reduction  is  speeded  up 
appreciably.  The  sensitivity  of  the  detection  of  selenium  is  0.01  mg  in  1  ml  of  s(  1  ition.  The  sensitivity  of  the 
detection  of  ascorbic  acid  is  0.008  mg  in  1  ml  of  solution.  Solutions  of  the  salts  of  zinc,  cadmium,  lead,  bismuth, 
manganese,  chromium,  aluminum,  divalent  mercury,  nickel,  cobalt,  the  alkali  and  alkaline  earth  elements,  and 
also  dilute  solutions  of  copper,  silver,  univalent  mercury,  and  trivalent  iron  (the  red-violet  color  formed  disappears 
on  adding  excess  of  die  reagent)  salts  do  not  interfere.  Solutions  of  quadrivalent  tellurium  salts  do  not  interfere 
either.  The  fact  is  that  salts  of  quadrivalent  tellurium  only  interact  with  relatively  concentrated  solutions  of 
ascorbic  acid  (concentrations  greater  than  1  mg/  ml).  The  presence  of  oxidizing  agents  does  not  essentially  affect 
reduction  of  quadrivalent  selenium;  it  is  only  necessary  to  use  excess  of  the  reagent.  Reducing  agents:  iodides, 
thiocyanates,  sulfides,  sulfites,  stannous  chloride,  divalent  iron,  diiourea,  etc.,  interfere. 


The  interaction  of  L-ascMbic  acid  with  quadrivalent  selenium  presumably  proceeds  accordii^  to  the  follow¬ 
ing  equation: 

2C«H80„  -1  Me-SeOa  2C«H«0,  +  Se  -|-  2MeOH  +  HjO. 

One  gram  of  selenium  corresponds  to  4.4609  g  of  L-ascorbic  acid.  Reduction  proceeds  quantitatively.  Thus, 
0.3390  g  and  0.4560  g  of  selenium  was  taken  in  the  form  of  a  selenite,  and  0.3388  and  0.4568  g  of  selenium  was 
obtained.  Selenium  is  precipitated  most  completely  from  selenites  at  a  pH  of  1.  For  this  purpose  a  2  molar 
solution  of  sulfuric  acid  (1  ml  of  acid  for  2  ml  of  reaction  mixture)  should  be  added  to  the  reaction  mixture. 
Heating  to  80-90*  also  favors  the  reduction.  On  boiling,  the  orange-colored  selenium  changes  to  a  t  lack-brown 
modification  which  is  readily  removed  from  the  liquid.  Sometimes  it  accumulates  in  the  form  of  lumps,  which 
can  be  weighed  after  drying. 

The  results  given  above  indicate  that  it  is  possible  to  detect  and  determine  selenium  in  the  presence  of 
tellurium  and  a  number  of  odier  metals  by  means  of  ascorbic  acid.  Ascorbic  acid  has  a  number  of  advantages 
over  other  reducing  agents  for  quadrivalent  selenium.  Under  certain  conditions  it  reduces  quadrivalent  selenium, 
while  leavit^  tellurium  compounds  unchanged. 

SUMMARY 

L-ascorbic  acid  can  be  used  in  acid  media  for  the  detection  and  determination  of  selenium  in  the  presence 
of  tellurium  and  other  metals. 
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A  SPECTROGRA  PHIC  METHOD  FOR  THE  DETERMINATION  OF 


PHOSPHORUS  IN  BERYLLIUM  OXIDE 

I.  A.  Berezin  and  K.  V.  Aleksandrovich 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  4,  pp.  509-510, 
July-August,  1960 

Original  article  submitted  July  30,  1959 


Methods  have  been  described  for  the  spectrographic  control  of  the  purity  of  beryllium  and  its  oxide  [1-3]. 
Phosphorus  has,  however,  not  been  determined  spectrographically.  When  the  test  material  is  packed  into  the  carbon 
electrodes  it  is  only  possible  to  determine  down  to  0.03^o  p.  We  have  developed  a  method  which  permits  the  de¬ 
termination  of  down  to  O.OOiy®  phosphorus  in  beryllium  oxide  without  preliminary  enrichment. 

The  powdered  sample  of  beryllium  oxide  is  diluted  with  carbon  powder  in  the  proportion  of  3  :  1,  and,  using 
a  solution  of  collodion  in  ethanol,  the  sample  is  attached  to  the  lateral  faces  of  graphite  cylinders  40  mm  in 
diameter  and  80  mm  long,  after  which  the  latter  are  dried  at  100-150“  for  15-20  min.  The  graphite  cylinders  with 


Fig.  1. 

the  samples  attached  to  them  (lower  electrodes)  are  fixed  in  a  special  gadget  for  it  troducing  samples  into  the 
light  source  (Fig.  1).  Using  an  electric  motor  of  the  SD-2  type,  the  cylindrical  elec  node  is  brought  into  a  for¬ 
ward  rotational  movement  along  a  guiding  axis  with  a  screw  thread.  The  rate  at  which  the  electrode  rotates 
is  1  rpm.the  pitch  of  the  screw  being  0.5  cm.  The  linear  rate  at  which  the  electrode  surface  moves  under  these 
conditions  is  equal  to  0.2  cm/ sec.  The  upper  electrode  is  a  carbon  rod  with  a  diameter  of  6  mm.  The  distance 
between  the  electrodes  is  2  mm. 

The  spectra  are  photographed  on  an  ISP-22  spectrograph.  The  slit  width  of  the  spectrograph  is  0.02  mm. 
The  light  source  is  an  ordinary  ac  arc  supplied  from  a  DG-1  generator  with  an  interruptor.  The  current  strength 
is  14  amps.  The  burning  time  and  the  break  time  are  0.5  sec  each.  Total  exposure  time  is  3  min.  The  light 
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source  is  focused  on  the  collimator  mirror  by  means  of  a  three-lens 
condenser  system. 

Spectrographic  photographic  plates  type  III  which  have  been 
sensitized  by  a  20^0  solution  of  sodium  salicylate  in  50lo  aqueous 
alcohol,  are  used.  The  plates  are  immersed  in  the  solution  for  3  sec 
and  dried  for  2-3  min  with  an  air  stream.  The  plates  are  developed 
in  a  No.  1  metolhydroquinone  developer  made  up  acccrdii^  to  NIKFI, 
and  are  fixed  in  an  acid  fixer.  The  sodium  salicylate  is  nn  removed 
pricnr  to  development.  The  spectrograms  are  measured  photometrically 
on  a  Mt^-2  microphotometer. 


Standards  containing  from  0.001  to  0.1*^  phosphorus  are  prepared  by  grinding  up  calcium  phosphate  Caj(P04)t 
with  pure  beryllium  oxide.  Pure  beryllium  oxide  is  prepared  by  calcining  beryllium  carbonate  BeCOs  *  Be(OH)^ 
at  700-800*  for  1  hour.  3^  of  Bi|0|  is  introduced  as  ai  internal  standard  into  all  the  standards  and  into  the  test 
samples. 


The  analytical  pair  of  lines  used  are:  Pj  2136.2  and  Bij  2133.6.  Calibration  curves  are  constructed  within 
the  coordinates  (log  C,  AS)  where  C  is  the  phosphorus  concentration  in  the  standards,  AS  is  the  difference  in 
blackening  of  the  analytical  pair  of  lines  (Fig.  2). 


The  sensitivity  of  die  determination  of  phosphorus  in  beryllium  oxides  by  means  of  the  method  described 
is  0.001*70.  The  reproducibility  of  the  analytical  results  within  the  concentration  range  0.005-0.1*^  is  ±  5-6P^, 
while  at  concentrations  less  than  0.00&7o  the  reproducibility  drops  to  i  lO-ldTo. 


SUMMARY 

A  technique  has  been  developed  for  the  spectrographic  determination  of  small  amounts  of  phosphorus  in 
beryllium  oxide.  An  ordinary  ac  arc  is  used  as  the  light  source.  The  sample  is  introduced  into  the  light  source 
on  a  moving  graphite  electrode.  The  sensitivity  of  the  determination  is  0.001*70.  The  reproducibility  of  the 
results  is  i5-0^. 
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Fetkenheuer  [1]  discovered  that  glass  is  not  wetted  by  sulfuric  acid  in  the  presence  of  inorganic  fluorides. 

In  1934  Hagen  [2]  used  this  phenomenon  fot  the  detection  of  fluorine  in  inorganic  fluorides.  Dubnikov  and  Tikh¬ 
omirov  f3]  while  studying  the  applicability  of  this  method  to  inorganic  fluroides,  suggested  a  suitable  design  for 
the  reaction  tube  and  established  the  relation  of  the  limit  of  detection  and  many  factors.  In  order  to  detect  fluo¬ 
rine  a  chromic  mixture  is  first  introduced  into  a  J- shaped  tube  in  oder  to  ensure  that  die  glass  is  readily  wetted; 
one  drop  of  the  fluoride  is  the^  added.  When  sufficient  fluorine  is  present  the  chromic  acid  ceases  to  wet  the  tube 
walls.  The  advantages  of  the  method  are  its  simplicity,  specificity,  and  the  rapidity  widi  which  fluorine  can  be 
detected  in  small  amounts  of  material.  Canneri  and  Cozzi  [4]  were  the  first  to  use  this  mediod  for  the  quantita¬ 
tive  determination  of  fluorine  in  inorganic  fluorides  from  the  change  in  the  wetting  ai^le. 

Detection  of  fluorine  in  organic  fluorine-containing  materials  by  means  of  this  method  has  not  been  studied. 
Dubnikov  and  Tikhomirov  [3]  only  carried  out  preliminary  investigations  on  this  question.  They  concluded  that, 
in  principle,  this  mediod  could  be  used  for  this  purpose,  but  pointed  out  that  this  question  should  be  specially 
studied.  However,  Vaibei  [5]  recommending  this  method  as  a  basis,  writes  "The  presence  of  fluorine  can  be 
established  in  organic  materials  as  well  as  in  inorganic  materials.”  Asa  basis  for  his  conclusion  he  refers  to 
Hagen’s  work  [2],  who,  however,  did  not  study  organic  fluorine -containing  materials.  This  conclusion  is  equivalent 
to  affirming  that  chromic  acid  can  split  the  C-F  bond  in  all  materials.  Naturally,  this  is  a  point  that  must  be 
checked. 

In  the  work  described  here  an  investigation  was  made  of  the  possibility  of  detecting  fluorine  in  small 
amounts  of  organic  fluorine -containing  materials  on  the  basis  of  the  nonwettability  of  glass.  The  extension  of 
this  method  to  organic  materials  is  very  tempting.  In  the  usual  methods  of  detecting  fluorine  in  organic  com¬ 
pounds  it  is  necessary  first  of  all  to  mineralize  the  compound  in  order  to  break  the  C— F  bond.  This  almost 
invariably  requires  fairly  complicated  apparatus  and  takes  a  long  time.  Moreover,  in  order  to  detect  fluorine, 
it  is  often  necessary  to  separate  it  from  interfering  impurities.  Detection  of  flucxrine  in  organic  materials  on  the 
basis  of  the  nonwettability  of  glass  would  give  the  possibility  of  mineralizing  the  test  material  and  detecting 
fluorine  in  it  on  the  same  sample  rapidly  and  simply. 

In  order  to  devise  a  more  accurate  procedure  a  preliminary  study  was  made  (on  chemically  pure  sodium 
fluoride,  recrystallized  twice  according  to  Tananaev's  method  [6])  of  die  relation  between  the  limit  of  identi¬ 
fication  and  the  concentration  of  sulfuric  acid  and  potassium  dichromate,  the  volume  of  the  chromic  mixture,  and 
the  temperature. 

It  has  been  established  previously  [3]  tliat  die  limit  of  identification  depends  on  the  composition  of  the 
silicate  glass  and  on  the  diameter  of  the  tube.  In  a  tube  made  of  quartz  glass  it  is  possible  to  detect  0.2  pg  of 
fluorine  in>a  drop,  while  in  tubes  made  of  glass  containing  2(f/o  BjOs  or  23lo  Al|Os,0.5  pg  of  fluorine  can  be 
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TABLE  1 


Limit  of  Identification  of  Fluorine  in  One  Drop  from  the  Non-wettability  of  Glass  when  the 
Material  is  Mineralized  with  a  Solution  of  K2Cr207  in  Oleum  ("+"  is  a  positive,  "-*1$  a 
negative  result;  t  signifies  that  the  test  was  carried  out  with  heating). 


Test  material 
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detected.  In  a  tube  with  a  diameter  of  5  mm,  0.4  fig  of  fluorine  can  be  detected,  while  in  a  tube  of  diameter 
10  mm,  only  1  pg  of  flutvine  can  be  detected,  and  in  a  15  mm  diameter  tube  only  10  pg  of  flutvine  can  be 
detected  in  one  drop.  Experiments  were  carried  out  in  tubes  made  of  mark  Ts-32  glass  from  the  Klinskii  factory, 
die  diameter  being  5  mm.  The  limit  of  identification  of  fluorine  in  these  tubes  is  0.25  pg  fluorine  in  a  drop. 

The  limit  of  identification  depends  on  the  acid  concentration.  The  following  stiei^ths  of  sulfuric  acid  were 
used;  7Sf^,  10(l7o,  and  oleum  containing  lCf?o  sulfur  trioxide.  It  was  established  that  all  these  acids  can  be  used 
when  2  pg  of  fluorine  or  more  is  present  in  a  drop.  One  pg  of  fluorine  can  be  detected  in  a  drop  when  lOCFfo 
sulfuric  acid  or  oleum  is  used,  while  0.25  pg  of  fluorine  can  only  be  detected  when  oleum  is  used. 

The  potassium  dichromate  concentration  does  not  affect  the  limit  of  identification,  but  shows  up  the  non¬ 
wettability  of  the  glass  more  clearly  on  account  of  the  increase  in  color  of  the  solution. 

The^  limit  of  identification  depends  on  the  volume  of  the  chromic  mixture.  0.25  p  g  fluorine  cannot  be 
detected  in  one  drop  either  in  a  small  (0.2-0. 3  ml)  or  in  a  large  (2  ml  and  more)  volume  of  chromic  mixture. 
Theoptimum  volume  is  0.5-1  ml. 
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TABLE  2  The  limit  of  identification  depends  on  the  tem¬ 

perature.  The  optimum  experimental  temperature  is 
15-50*.  Both  at  low  temperatures  (about  0*)  and  at 
high  temperatures  (about  100*)  it  is  only  possible  to 
detect  1-2  pg  fluorine  reliably,  instead  of  0.25  pg 
fluorine. which  can  be  detected  at  the  optimum  tem¬ 
perature. 

The  limit  of  identification  of  flucvine  in  inorganic 
fluorides  is  independent  of  the  nature  of  die  oxidizing 
agent  (dichromate  or  permanganate).  Replacement  of 
dichromate  by  permanganate  imj[xoves  the  mineraliza¬ 
tion  conditions  of  fluorine -containing  materials  on 
account  of  the  higher  oxidation- reduction  potential 
of  potassium  permanganate. 

Procedure.  Into  a  J- shaped  tube  made  from  mark 
Ts-32  glass  from  the  Klinskii  factory,  the  diameter  of 
the  tube  being  5  mm,  was  introduced  0.7  ml  of  a  41!^ 
solution  of  KjCrjO;  in  oleum  (or  a  2^  solution  of  potas¬ 
sium  permanganate).  By  alternate  shaking  of  the  tube 
the  glass  surface  was  cleaned  until  it  was  readily  wetted 
by  the  oleum.  Into  the  short  arm  of  the  tube,  at  room 
temperature,  was  introduced  one  drop  of  the  fluorine-containing  material  cv  its  solution.  The  sample  was  mixed 
by  shaking  the  tube.  When  1  p  g  and  more  of  fluorine  was  present  in  the  drop,  then  on  inclinii^  the  long  arm  of 
the  tube  downwards,  the  film  bf  the  liquid  in  the  short  arm  immediately  crept  without  wetting  the  glass.  When 
smaller  amounts  of  fluorine  were  present,  this  nonwettability  was  only  manifested  after  several  minutes.  In  some 
cases,  when  a  negative  result  was  obtained,  the  tube  was  heated  to  50*.  The  values  taken  were  the  results  of 
three  parallel  determinations. 

In  (vder  to  carry  out  the  experiments  17  organic  compounds  with  different  fluorine -carbon  groups  were  taken: 
C'OF.  CFs.CFj,  CF,  CFCl;  the  compounds  were  sufficiently  analytically  pure.  Twelve  of  these  were  tested 
in  the  free  state  (i.e.,  without  using  a  solvent),  17  in  alcoholic  solution,  9  in  ethereal  solution,  and  6  in  aqueous 
solutions. 

The  limit  of  identification  of  fluorine  in  organic  fluorine-containing  compounds  When  they  were  mineralized 
with  a  chromic  mixture  (KjCrjOj  in  lOf^o  oleum)  is  given  in  Table  1.  Table  2  contains  the  limit  of  identification 
for  some  materials  used  only  irt  alcoholic  solutions. 

When  chromic  acid  was  used  ftx:  mineralizing  organic  compounds  containing  CF3  or  fluorochloride  groups, 
flourine  could  not  be  detected  from  the  nonwettability  of  glass,  either  when  the  pure  materials  or  their  solutions 
were  used.  Fluorine  could  be  detected  by  this  method  in  organic  fluorine -containing  materials  with  the  C— F 
group,  both  in  the  pure  materials  and  in  their  solutions,  but  in  some  cases  a  positive  result  was  only  obtained  when 
the  mixture  was  heated.  In  aqueous  solutions  of  materials  containii^  the  CFj  and  CF  groups  it  was  found  possible 
to  detect  10-20  p  g  of  fluorine  in  one  drop.  In  alcoholic  solutions  of  individual  materials  It  was  found  possible 
to  detect  20-50  pg  fluorine  in  one  drop  and  l^o  of  fluorine  in  a  drop  of  each  material.  100  pg  of  fluorine  could 
be  detected  in  a  drop  of  the  ethereal  solutions.  Fluorine  was  most  easily  detected  from  the  nonwettability  of 
glass  in  fluoroanhydrides. 

»  The  conclusion  can  therefore  be  made  that  detection  of  fluorine  in  organic  fluorine-containing  materials 

by  the  procedure  used  for  inorganic  fluorides  can  only  be  successfully  carried  out  when  the  molecule  of  the  test 
material  contains  a  readily  mobile  fluorine  atom.  This  is  related  to  the  difficulty  of  splittir^  the  C-F  bond  with 
a  chromic  mixture.  It  was  found  possible  to  increase  the  sensitivity  of  detection  by  using  a  solution  of  KMn04 
in  oleum  for  mineralizing  the  material. 

The  limit  of  identification  of  fluorine  in  organic  fluorine -containing  materials  when  a  solution  of  KMn04 
in  oleum  is  used  for  mineralizing  them  is  given  in  Table  3.  The  limitsof  identification  for  several  materials 
taken  only  in  alcoholic  solutions  are  given  in  Table  4. 


Limit  of  Identification  of  Fluorine  in  a  Drop  of 
an  Alcoholic  Solution  of  the  Organic  Materials, 
from  the  Nonwettability  of  Glass,  when  the 
Material  was  Mineralized  with  a  Solution  of 
K2Cr207  in  Oleum  (•+■  is  a  positive,  and 
is  a  negative  result). 
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TABLE  3 

Lhnit  of  Identification  of  Fluorine  in  a  Drop  of  Test  Organic  Materials, from  the  Non- 
wetubility  of  Glass,  when  the  Materials  were  Mineralized  with  a  Solution  of  KMn04  in 
Oleum  (*•+•  is  a  positive,  and  "  is  a  negative  result) 


Test  material 

In  the  ab¬ 
sence  of 
a  solvent 

Aqueous  solutions 
containing  pg  F 
in  a  drop 

Alcoholic  solu¬ 
tions  ccmtainitig 
p  g  or  70  F  in  a 
drop 

Ethereal  so¬ 
lutions  con¬ 
taining  pg 

F  in  a  drop 

20  10 

6  1  2 

1 

1  % 

501 

201 

101 

100  50 

I20 

Fe,H4N(C,H4),0 

4- 

4- 

4- 

4- 

+!+ 

4- 

4* 

— 

- 

Insoluble 

FC,H4N(C,H4),S  I  + 

Insoluble 

4- 

4“ 

— 

— 

4- 

— 

— 

F,CCOOH 

-f- 

4- 

-+• 

— 

__ 

— 

4- 

4- 

— 

— 

Insoluble 

FCHjCOOH 

-1- 

4- 

4- 

4- 

— 

— 

4- 

4- 

4- 

— 

the  same 

FCHiCHOCH, 

+ 

4” 

+ 

4- 

— 

4- 

4- 

.4- 

-  4- 

— 

— 

CjHsCOF 

+ 

4-I4-I4- 

Insoluble  t 
hydrolyz< 

4-I4- 

>ut 

:s 

-h 

“h 

4- 

— 

4- 

4- 

CsHjSOjF 

-f 

4- 

1 

4- 

4- 

4- 

4- 

4- 

— 

4- 

4- 

— 

CCljFCFaCl 

4- 

After  3 
hours 

Insoluble 

— 

— 

(CCljF), 

+ 

After  4 
hours 

the  same 

— 

— 

— 

— 

CCIaFSCHjCHCICHiCl 

4- 

the  same 

4- 

4- 

— 

— 

4- 

4- 

— 

(FCHiCHjO),  PO 

4- 

the  same 

4- 

— 

— 

— 

4- 

— 

— 

<FCH,CH*0,)  P  + 

the  same  4-  1 

— 

— 

— 

-f 

— 

— 

TABLE  4 

Limit  of  Identification  of  Fluorine  in  a  Drop  of  the  Alcoholic 
Solutions  of  Test  Materials,  from  the  Nonwettability  of  Glass, 
when  Mineralization  was  Carried  out  with  a  Solution  of  KMn04 
in  Oleum  ("+"  is  a  positive,  •  is  a  negative  result) 


1  Alcoholic  solutions 

con- 

Test  material 

taining  pgor 

70F  in  a  drop 

1  % 

501 

201 

101 

QHsSCFaCFjH 

4- 

4- 

4- 

— 

CH,ClCH,SCFiCFClH 

4- 

4- 

4- 

— 

OaNCFClCFaNO, 

4- 

— 

— 

— 

OaNCFjCOOH 

4- 

4- 

4- 

— 

cf,(.:f(no,)COOh 

-L 

— 

— 

1 
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When  potassium  permanganate  in  oleum  was  used  for  mineralization,  fluorine  was  detected  in  a  drop  of 
each  of  12  materials  uken  neat,  even  in  fluorochlorides  and  in  compounds  containli^  die  CF|  group.  As  before, 
die  most  difficult  compounds  to  mineralize  were  carbon  fluorochltxldes.  Fluorine  could  only  be  detected  in  diese 
after  a  three-hour  interaction. 

5- 10  p  g  of  fluorine  could  be  detected  reliably  in  a  drop  of  the  aqueous  solutions  of  all  the  test  materials, 
and,  even  1-2  pg  in  some  cases.  In  alcoholic  solutions  50  pg  of  fluorine  could  be  detected,  and,  in  some  cases, 

20  pg.  In  ethereal  solutions  100  pg  of  fluorine  could  be  detected.  Fluorine  could  not  be  detected  in  solutions  of 
fluorochlorohydrocarbons  by  this  method. 

The  Probable  Mechanism  of  the  Process.  The  nonwettit^  phenomenon  is  determined  by  the  interaction  of 
the  HF  formed  during  the  reaction,  with  the  silicate  glass.  Under  these  conditions  the  following  may  be  formed 
on  the  glass  surface:  a  film  of  SiF4:  crystals  of  silicon  fluorides  and  meul  fluorides;  surface  fluoride  compounds. 
Earlier  [3]  it  was  shown  that  no  SiF4  films  are  present  on  the  glass  surface;  this  eliminates  one  of  the  possible 
reasons  for  the  nonwettability  of  glass.  Formation  of  metal  fluorides  and  silicofluorides,  under  conditions  where 
only  low  amounts  of  fluorine  are  present,  is  of  low  probability.  In  addition,  formation  of  these  compounds  does 
not  appear  to  be  the  reason  why  the  glass  is  not  wetted;  this  follows  from  a  fact  which  we  established,  namely, 
diat  die  same  phenomenon  is  observed  on  quartz  glass.  The  most  probable  reason  therefore  for  the  nonwetting 
of  glass  is  the  appearance  on  the  glass  surface  of  fluoride  compounds. 

It  is  known  [7-9]  that  the  surface  of  silica  gel  and  silicates  is  completely  or  partially  covered  by  hydroxyl 
groups.  It  might  be  assumed  that  wetting  of  such  a  surface  occurs  as  the  result  of  adsorption  of  materials  by  means 
of  hydrogen  bonds; 


HOSOiOH  HOSOjOH 


OH  OH 

— ki-o-ii— 


H.SO, 


OH 


i— O 


'  /\/\y 

OH 

-k- 


It  has  been  established  that  OH  groups  can  enter  into  exchange  reactions  [10]. 

The  first  stage  of  the  process  can  be  regarded  as  being  the  adsorption  of  HF  by  the  hydroxyl  groups  of  the 
surface.  Subsequently,  in  the  presence  of  oleum,  water  is  split  off,  and  a  hydrophobic  surface  fluoride  compounds 
are  formed: 


HF 


;HF 


OH  OH  OH 

1  '  I 

-Si—O-Si  —  Si— 

I  I  I 


oleum  _  p  Qpj  p 

— ii— O— ii— O— ii- 


Such  a  surface  having  the  groups  SiOH  and  SiF  loses  its  capacity  to  be  wetted.  On  this  surface  a  liquid  flows  off 
die  hydrojdiobic  parts  onto  the  hydrophilic  parts.  When  such  parts  are  formed  on  alternating  parts  of  the  surface 
and  they  assume  a  certain  size,  continuous  movement  of  the  liquid  is  observed,  i.e.,  the  liquid  will  creep.  The 
nonwetting  of  glass,  whose  surface  is  partially  occupied  by  paraffin.was  explained  by  Aron  [11]  in  the  same  way, 
as  the  result  of  alternation  bf  hydrophobic  and  hydrophilic  parts. 


The  further  action  of  excess  HF  may  lead  to  the  formation  of  SIF4,  silicofluorides,  and  meul  fluorides  on 
the  glass  surface.  SiF4  reacts  both  with  water  formed  during  the  reaction,  and  widi  metal  fluorides.  As  a  result 
of  the  formation  of  SiF4  on  the  surface  of  the  glass,  the  number  of  hydrophobic  parts  decreases  and  parts  become 
hydrophilic. 


F  F  F  FF  F 

Si-  \/  \|/ 

I  Si—  „p  Si  IIP 

O  — *•  I  I  — ► 

1  O  O 


OH 

I 

SiF,-| — Si — 
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Such  a  surface  should  be  wetted  by  sulfuric  acid. 

In  order  to  clarify  the  problem  as  to  the  possibility  of  increasit^  the  number  of  hydrophilic  parts  on  the 
surface  durii^  the  course  of  the  reaction,  a  reaction  tube  was  placed  ina  0.0^  solution  of  KFHF  and  tests  carried 
out  over  a  period  of  24  hours  for  the  phenomenon  of  nonwetting.  In  the  course  of  16  hours  it  was  observed  that  the 
die  tube  was  not  wetted  by  the  chromic  mixture;  subsequently  the  tube  was  wetted  by  the  mixture.  This  to  some 
extent  confirms  that  the  mechanism  suggested  is  probably  correct.  This  mechanism  was  also  confirmed  in  ex¬ 
periments  on  glass  with  the  electron  microscope,  carried  out  at  our  request  by  Luk'yanovich.  He  studied  (at  a 
magnification  of  15,000)  the  surface  of  glass;  a)  not  treated  with  HF;  b)  treated  with  HF  until  th<:  glass  had 
a  mat  finish;  and  c)  treated  with  HF  containing  50  pg  F  in  a  drop.  On  the  surface  of  glass  plates  v  hich  had 
either  not  been  treated  witli  HF,  or  had  been  treated  with  concentrated  HF,  no  changes  were  observed.  On  the 
surface  of  plates  which  had  been  etched  with  HF  whose  concentration  was  50  p  g  F  in  a  drop,  no  changes  visible 
to  the  naked  eye  could  be  detected,  but  under  die  electron  microscope  the  surface  proved  to  be  completely 
covered  by  mounds  of  irregular  form,  with  dimensions  ranging  from  200  to  1000  A. 

This  probable  mechanism  of  the  process  explains  a  number  of  phenomena  which  have  been  observed.  The 
existence  of  an  optimum  reaction  temperature  is  connected  with  the  fact  that  changes  in  temperature  affect  both 
the  adsorption  of  HF  and  the  rate  of  the  reaction  with  the  glass.  Increasii^  die  temperature  leads  to  a  decrease 
in  the  amount  of  HF  adsorbed,  while  a  decrease  in  temperature  slows  down  the  reaction  rate.  The  sulfuric  acid 
concentration  affects  its  capacity  to  bind  the  water  formed  during  the  reaction.  According  to  our  results,  the  use 
of  oleum  instead  of  70^  sulfuric  acid  increases  the  limit  of  identification  8-10  times.  An  optimum  value  of  re¬ 
action  mixture  is  necessary  because  an  increase  in  volume  leads  to  a  decrease  in  the  concentration  of  flutwine, 
while  a  decrease  in  volume  leads  to  dilution  of  the  sulfuric  acid  by  the  fluoride  solution.  An  increase  in  the 
diameter  of  the  tube  decreases  the  surface  of  the  glass  to  be  wetted  and  at  the  same  time  decreases  the  number 
of  hydroj^obic  parts.  The  change  in  the  surface  of  die  glass  etched  with  dilute  HF  solution,  which  was  observed 
under  the  electron  microscope,  may  be  the  result  of  an  increase  in  the  volume  of  the  products  formed  during 
the  surface  chemical  reaction. 


SUMMARY 

A  study  has  been  made  of  the  possibility  of  detecting  fluorine  in  small  amounts  of  organic  materials  of 
different  types,  from  nonwettability  of  glass,  by  usii^  the  technique  employed  for  inorganic  fluorides.  It  has 
been  established  that  a  chromic  mixture  does  not  break  the  bond  C~F  well  enough.  Fluorine  cannot  be  detected 
in  CF/300H  and  in  fluorochlorides  by  this  method.  When  this  mineralization  method  is  used,  fluorine  can  only 
be  detected  in  readily  mineralized  fluorides.  10-20  pg  of  fluorine  can  be  detected  in  a  drop  in  the  case  of 
fluoroanhydrides  and  in  organic  materials  containing  the  group  CFH2. 

The  method  has  been  imprpvsd  by  using  a  solution  of  KMn04  in  oleum  for  mineralizing  the  organic  com¬ 
pounds.  The  sensitivity  of  detection  was  thereby  increased.  In  this  case  flu(»ine  can  be  detected  even  in  fluoro¬ 
chlorides  and  in  compounds  containii^  the  CFs  group.  It  is  possible  to  detect  from  1  pg  F  in  a  drop  (for  readily 
mineralized  materials)  to  10  pg  F  in  a  drop  of  a  material  which  is  difficult  to  mineralize  (containing  the  group 
CF,). 
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Quantiutive  determination  of  napthalene-type  hydrocarbons  in  petroleum  fractions  has  either  not  been 
carried  out  at  all,  or  has  only  been  carried  out  very  approximately  [1-4],  In  the  work  described  here  we  tried 
to  determine  the  content  of  condensed  aromatic  hydrocarbons  in  kerosene -gat  oil  fractions  from  Dolinskaya  and 
Bitovskaya  petroleum  by  means  of  a  combined  method  which  we  have  developed. 


Usii^  chromatographic  adsorption  on  silica  gel  (ASM) 
and  fractional  distillation  (35  theoretical  plates),  we  obtained 
2-3  degree  fractions  containing  mainly  condensed  aromatic 
hydrocarbons,  from  petroleum  fractions  taken  under  vacuum 
(200-375*  in  the  case  of  Dolinskaya  and  200-400*  in  the  case 
of  Bitovskaya  petroleum). 

The  narrow  fractions  were  examined  spectrophotometri- 
cally  on  a  SF-4  apparatus  (Fig.).  The  ultraviolet  spectra  showed 
that  the  kerosene-gas  oil  fractions  from  Dolinskaya  and  Bitov¬ 
skaya  petroleum  contains  naphthalene,  a-  and  3-methylnaphdia- 
lene,  dialkylnaphthalenes—  mainly  1,2-,  1,3-,  1,5-,  1,6-,  and 
1,7-isomers,  trialkylnaphthalenes  —  mainly  1,2,7-,  1,3,6-, 

1.3.5- ,  1,2,5-,  1,4,6-,  12.8-,  1,3,7-,  and  l,4,5-(in  theBitov- 
skayapetroleum)and  1,2,5-,  1,2,7-,  1,3,6-,  1,4,6-,  and 

1.3.5- isomers  (in  the  Dolinskaya  petroleum).  In  addition  to 
the  compounds  indicated,  Dolinskaya  petroleum  was  also  shown 
to  contain  phenanthrene  and  2,3-dialkylphenandirene,  while 
Bitovskaya  petroleum  contain  anthracene  homologs. 

The  nanow  fractions  which  were  similar  in  composition 
(on  the  basis  of  spectrophotometry)  were  combined  and  sub¬ 
jected  to  quantitative  analysis.  The  results  of  the  photometric 
measurements  in  the  ultraviolet,  and  the  calculated  amounts 
of  condensed  aromatic  hydrocarbons  are  given  in  the  Table. 


The  amount  of  naphthalene,  phenanthrene,  2,3-dialkyl- 
phenanthrenes,  and  homologs  was  calculated  by  means  of  the 
_ _  K’x 


Kx 


100  =  wt.  '’h  of  hydrocarbon  in  the  fraction. 


formula: 


Quantitative  Determination  of  Condensed  Aromatic  Hydrocarbons  in  Kerosene -Gas  Oil 
Fractions  from  Bitovskaya  and  Dolinskaya  Petroleum,  from  their  Ultraviolet  Abswption 
Spectra 


t 

Hydrocarbons  found  | 

in  the  petroleum 

1 

'o^ 

V  . 

M  a 

«  .2  “a  1 

Specific  absorption 
coefficients  of  i 
pure  hydrocarbons  I 
calc,  from  die  atla^ 
[5.6]:Kxforindivit 
dual  hydrocarbons;  1 
<mean  for  group*  1 
ofhydrocarbons  ! 
-(X  in-rap  )-. - 

K’j^  specific  ab¬ 
sorption  coeffi¬ 
cients  of  kerosene 

Hydrocarbon 
content,  vit% 

2 ’d  B  1 

B 

a  .*s  o  1 

CO  ^ 

gas  oil  fractions 
containii^  con¬ 
densed  aromatic 
hydrocarbons _ 

a 

« .2 
•tJ  0 

■S  j- 

-B  2B 

^  tia 

C  ««) 

Bitovska 

ya  petroleum  (up  to  400*  C) 

Naphthalene 

200-218 

/C221  ==  983; 

/C236  —  8,76; 

/C311  =  2,03 

a;,,  =  125; 

f^236  =  1*2 

<11  =  0.237 

11,8 

0,017 

a  -Methylnaphthalene 

222-  251 

A  314  =  2,32; 

A31o  =  0,528 

A;^,  =  0,604 

16,5 

0,046 

B  -Methylnaphthalene 

/C3i4  =  1,232; 
A319  —  3,802 

<10  =  0.764 

17,9 

0,050 

D1  a  Iky  Inaph  th  a  le  ne  s 
(possible  isomers:  1,2- 
1.3-,  1.5-.  1.6-.  and 
1.7-) 

254—295 

^meanssT  ^ 
*^meanu7  "  ’ 

a',,  =  368; 

<44  =  12.4 

48,0 

0,208 

Trialkyl 

naphtha¬ 

lenes* 

Mainly:  1,2,7 - 
1.3,5-,  and 
1.3,6 

302-310 

*^meanm  “ 
Kmeana.  “ 

1 

231,5, 
Ai4,  =  10,8 

55,0 

0,081 

Mainly: 

1.2.5-  and 

1.4.6- 

310-321 

Kmean2Si=  ^08; 
*^meaiB4T~  ^0,5 

A;3,=  256.6; 

A^7  =  11,3 

61,0 

0,229 

Mainly:  1,2,5 
1,2, 8-, 1,3,7- 
and  1,4,5) 

326—350 

j^meaiB3i"= 
^meaitt4T=  10,3 

Alai- 177.0; 
All,  =  14,1 

41,0 

0,224 

Anthracene  homologs 

360  -  400 

K  ~  4 1 , 3 

mean876-  890 

a1.„  =  0,13 

^0,31 

0,0005 

Content  of  the  naphtha  - 
lenes  in  the  interme¬ 
diate  fractions  (up  to 
350*1 

200-350 

Kmeam28=  5C  '; 
l^mean245=  9>2 

<28  =  208, 

<45  =  10.2 

40,0 

0,079 

Total  content  of  condensed  aromatic  hydrocarbons  (a| 
homo  logs  boilii^  above  350*) 

part  from  naphthalene 

0.934 

Dolinskaya  Petroleum  (up  to  375“) 

Naphthalene 

200-22(1 

'  A’311  2,03 

a1„  =  0.(^2 

33,6 

0,041 

594 


(continued) 


Hydrocarbons  found  1 
in  the  petroleum 

•  Specific  absorption 
*0  U  icoefficients  oi 

u  *.  i  pure  hydrocarbons  1 

g  'calc,  from  the  atlas 

2  g  ?i[5,6]:K\  forindlvi-- 
M  «  g  .dualhyarocarbons; 

“  in-mp)  ..  . 

K’x  specific  ab¬ 
sorption  coeffi¬ 
cients  of  kerosene 
gas  oil  fractions 
containing  con¬ 
densed  aromatic 
hydrocarbons  | 

Hydrocarbon 
content,  wt*^ 

•  in  the 

1  fraction 

;in  me 
j  petro¬ 
leum 

a  -Methylnaphthalene 

230-255  • 

K314  =  2,323; 
/C3i9  =  0.528 

1(31,  =  0,915; 

25,1 

0,076 

B  -Methylnaphthalene 

/Cars  =  1 .232; 
K310  =  3,802 

fC'ip- 1,166 

27,2 

0,082 

Dialkvlnapthalenes  | 

(possible  isomers:  1,2-, 
1,3-,  1,5-,  1,6-,  and 
1.7-) 

260-282 

Kmearair* 

*^mean24f^ 

kI„  -  359; 

/C;,4  -  10,9 

47  ,C 

0,252 

Trialkylnaphthalenes, 
mainly  1,3,5-* 

282—296 

Kmeanssi  ~ 
*^meam4T 

A-;,,  284; 

k'h  =  14,0 

08,0 

0,133 

Trialkylnaphthalenes, 
mainly  1,2,5-  and 

1.4,6-* 

293—338 

^^mearusi  =  408; 
'^meam47=  f0,3 

A'„,  ==  282; 
a',,  -  13,3 

67,6 

0,481 

Fhenandirene 

338-  354 

Katn  —  1,26  j 

^13,8 

,^0.008 

Pheneanthrene  homologs 
(mainly  2,3-dialkyl- 
phenanthrene) 

354-375 

Kail,  0,825 

^^40  =  0.26 

^31,5 

0,014 

Content  of  the  naphtha¬ 
lenes  in  the  intermediate 
fractions  (up  to  340*) 

200—340 

J^meai#*»  “ 
^mearaaa  ~ 

A„«  -  253; 

<45  =*  12,0 

49,0 

0,098 

Total  content  of  condensed  aromatic  hydrocarbons  (apart  from  naphtha¬ 
lene  homologs  boiling  above  340”) 

1,185 

*  Fractions  containing  trialkylnaphthalenes  may  possibly  contain  1,2,3,4-  and  2, 3,6,7- 
tetrasubstituted  naphthalene. 


The  amount  of  a  -  and  B-methylnaphthalenes  was  calculated  by  solving  the  system  of  two  linear  equations: 

^814  ^  ^314  (o)'^a  +  ^3i4(P) ‘^(P)’ 

^81»  “  ^31»(a)'^(a)  +  ^31»(P)‘^(P)» 


Where  K*x,  K  314,  and  K’si#  are  the  specific  absorption  coefficients  of  the  combined  fractions  at  the  given  wave- 
lei^th;  Kx«  K3J4,  and  K319  are  the  specific  absorption  coefficienu  of  the  pure,  individual  hydrocarbons;  and 

C(g^  are  the  concentrations  determined  for  a-  and  3-mediylnapthalene  (g/ liter). 


In  the  fractions  containing  complex  mixtures  of  naphthalene  hydrocarbons,  the  amount  of  the  latter  was 
calculated  by  means  of  the  formula: 


^*45 


•  100-^  wt.'lfc 


^msss 


-  K 


mz4s 
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The  possibility  of  using  this  formula  for  group  determination  of  naphthalene  hydrocarbons  has  been  de¬ 
monstrated  by  Zimina  and  Siryuk  [7]. 

In  contrast  to  the  authors  mentioned,  we  calculated  the  mean  absorption  coefficients  in  the  region  225- 
245  mp  ,  not  for  all  the  possible  naphthalene  hydrocarbons,  but  only  for  those  which  are  present  in  the  fractions 
as  their  main  component.  This  appreciably  increased  the  precision  of  the  method,  since  the  mean  specific 
absorption  coefficients  225)  calculated  from  the  atlases  [5,  6]  for  the  di-  and  trialkylnaphthalenes  differ 

by  approximately  ASlo, 

The  precision  of  the  method  suggested  can  be  evaluated  by  taking  into  account  the  following  rossible 

errors. 


Asa  result  of  unavoidable  losses  during  chromatographic  separation  and  fractional  distillation,  the  weight 
of  die  combined  fractions  is  determined  with  a  precision  of  up  to  2-d^  (takii^  into  account  the  ccxresponding 
corrections  for  loss). 

The  condensed  aromatic  hydrocarbons  are  not  completely  separated  from  benzene  homologs  by  die  chromato¬ 
graphic  technique,  as  a  result  of  which  die  amount  of  di-  and  trialkylnaphthalenes  found  spectrophotometrically 
at  225-245  mp  ,  apparently  exceeds  the  true  content  of  such  hydrocarbons  in  the  fractions.  Thus,  the  amount  of 
naphthalene  in  the  naphthalene  fractions  as  found  by  means  of  Kjji  and  Kjse  is  Tih  higher  than  the  amount  found 
in  the  same  fractions  using  Ks^.  The  difference  in  a-  and  6-methylnaphthalenes  determined  by  means  of  K225, 
Kl4St  and  K3J4-319  amounts  to  57o. 

The  published  values  of  the  absorption  coefficients  of  p’ore  hydrocarbons,  as  we  found  in  the  case  of  naph¬ 
thalene  and  a-  and  6-methylnaphthalenes,  may  differ  by  3-97o  from  the  corresponding  values  determined  ex¬ 
perimentally  under  our  conditions. 

The  total  relative  error  for  the  determination  of  naphthalene  hydrocarbons  in  kerosene-gas  oil  fractions  of 
Bitovskaya  and  Dolinskaya  petroleum  amounts  to  ±l(f7o,  as  long  as  the  small  content  of  die  components  in  the 
intermediate  fractions,  analyzed  separately,  is  not  taken  into  account. 

The  ultraviolet  absorption  method  has  a  clear-cut  advantage  over  other  methods  for  the  quantitative  de¬ 
termination  of  condensed  aromatic  hydrocarbons  in  petroleum.  For  example,  evaluation  of  the  content  of  such 
hydrcarbons  in  petroleum  by  means  of  chromatography  alone  is  too  coarse  (T  able).  The  picric  acid  method  .which 
has  completely  justified  itself  for  the  analysis  of  condensed  aromatic  hydrocarbons,  is  less  accurate  than  the  ultra¬ 
violet  absorption  method  and  requires  a  considerably  longer  time.  In  some  cases,  presumably,  it  would  be  useful 
to  combine  these  techniques. 


SUMMARY 

A  combined  method  has  been  developed  for  the  determination  of  the  content  of  condensed  aromatic  hydro¬ 
carbons  in  kerosene -gas  oil  fractions  from  Dolinskaya  and  Bitovskaya  petroleums. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 
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GDI 

GITI 

GITTL 

GONTI 
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GocMiiinizdat 

GOST 

GTTI 

IL 

ISN  (Isd.  Sov.  Nftuk) 

Ixd.  AN  SSSR 

Izd.MGU 

LEHZhT 

LET 

LETI 

LETOZhT 

Madiglz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

NO  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroilzdat 

TOE 

T«KTI 

TiNIEL 

TsNIEL'MES 

TiVTI 

UF 

VIESKh 

VNIIM 

VNUZhDT 

VTI 

VZEI 
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State  Sci.- Tech.  Preu 
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State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Preis 
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Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 
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Moscow  Regional  Pedagogical  Inst. 
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Note :  Abbreviation  not  on  diis  list  and  not  explained  in  die  translation  have  been  transliterated,  no  todier 
information  about  dieir  significance  being  available  to  us.  -  Publidier. 
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